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ABSTRACT 


F ive  healthy  young  women  who  had  been  taking  oral  contraceptives 
of  the  combined  type  for  at  least  6  months  and  five  healthy  young  women 
who  were  not  consuming  such  preparations  participated  in  a  study  to 
investigate  the  effect  of  usage  of  oral  contraceptive  agents  on  vitamin 
Bg  nutriture.  A  diet  of  known  composition  was  consumed  for  6  days.  The 
6-day  study  period  was  planned  to  coincide  with  days  9  to  14  of  the 
menstrual  cycle  of  each  subject.  On  the  morning  of  day  6  of  the  study 
a  fasting  venous  blood  sample  was  taken  followed  by  administration  of 
a  2— gm  L— tryptophan  load  dose.  Throughout  the  6— day  study  24— hour  urine 
collections  were  made  and  composited  so  that  days  1-4  were  pooled, 
whereas  the  day  5  and  day  6  collections  were  considered  to  be  the  pre¬ 
load  and  post-load  samples  respectively.  The  urine  was  analyzed  for 
tryptophan  metabolites:  xanthurenic  acid,  kynurenic  acid  and  N* -methyl- 
nicotinamide,  and  for  nitrogen. 

The  levels  of  the  urinary  tryptophan  metabolites  were  not 
significantly  different  for  either  the  control  group  or  the  experimental 
group  when  the  days  1-4  composite  was  compared  with  the  day  5  sample; 
however,  following  the  tryptophan  load  a  significant  increase  (P<Co.05) 
was  noted  in  both  the  experimental  and  control  groups  for  all  tryptophan 
metabolites  measured. 

Comparison  of  the  control  group  with  the  experimental  group 
showed  no  significant  difference  in  xanthurenic  acid  excretion  for  the 
composite  made  for  days  1-4  whereas  the  experimental  group  excreted 
significantly  greater  (P<C0.B5)  amounts  of  xanthurenic  acid  on  day  5 
and  day  6  than  did  the  control  group.  Kynurenic  acid  excretion  was 
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significantly  increased  (P<^0.05)  in  the  control  group  compared  mi t h  the 
experimental  group  for  the  days  1-4  composite,  however,  there  was  no 
significant  difference  between  experimental  and  control  groups  on  day 
5  and  day  6.  The  excretion  of  N 1 -methylnicotinamide  for  the  days  1-4 
composite  or  day  5  was  not  significantly  different  for  the  experimental 
group  compared  to  the  control  group,  but  a  significantly  greater  (P<0.05) 
excretion  by  the  experimental  group  when  compared  to  the  control  group 
occurred  on  day  6. 

No  significant  differences  in  nitrogen  excretion  were  noted 
either  when  pre-load  and  post-load  values  were  compared  or  when  the 
control  group  was  compared  with  the  experimental  group  thus  indicating 
that  the  decreased  levels  of  plasma  amino  acids  in  oral  contraceptive 
users  is  not  a  result  of  urinary  loss. 

These  results  may  indicate  an  increased  requirement  for  vitamin 
Bg  in  those  taking  oral  contraceptives. 
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INTRODUCTION 


Vitamin  Bg  supplementation  may  be  of  value  in  the  correction 
of  some  of  the  biochemical  and/or  clinical  disorders  that  have  been 
reported  to  accompany  the  consumption  of  steroid  contraceptive  pills 
by  women,  thus  an  increased  requirement  for  vitamin  Bg  in  users  of 
such  oral  contraceptives  may  be  indicated.  A  study  of  subjects  using 
oral  contraceptive  pills  and  control  subjects  who  are  not  undergoing 
such  hormonal  therapy  may  reveal  some  differences  in  tryptophan 
metabolite  and  nitrogen  levels  which  are  known  to  reflect  vitamin  Bg 
requirement . 


LITERATURE  REVIEW 


Since  1960,  when  the  first  oral  contraceptive  became  available 
for  general  use,  millions  of  women  have  used  oral  contraceptives  as  an 
effective  and  convenient  method  of  family  planning  (l).  Never  before 
had  a  drug  been  used  to  inhibit  a  normal  physiological  process  in  the 
absence  of  disease.  Recent  concern  as  to  the  long  term  effects  of  the 
usage  of  oral  contraceptives  has  led  to  human  and  animal  studies  inves¬ 
tigating  the  possible  metabolic  alterations  caused  by  such  preparations 
In  the  1968  publication  of  the  National  Research  Council's 
Recommended  Dietary  Allowances  (2)  2.0  mg  of  vitamin  B5  is  stated  as 
the  daily  allowance  for  normal  adult  women.  Studies  by  Donald  et  al. 
(3)  have  indicated  1.5  mg  of  vitamin  B5  daily  to  be  adequate  for  this 
same  group.  In  contrast,  recent  studies  conducted  by  Luhby  et  al.  (4) 
indicated  that  25  mg  of  pyridoxine  daily  was  required  to  correct  the 
altered  vitamin  Bg-try ptophan  metabolism  resulting  from  oral  contracep¬ 
tive  use  by  43  women.  Allowing  5  mg  as  a  safety  factor,  Luhby  et  al. 
have  recommended  30  mg  of  vitamin  B6  daily  for  oral  contraceptive  users 
Oral  contraceptives  can  be  classified  into  two  general  cate¬ 
gories,  the  combination  type  and  the  sequential  type  (5).  (Ylixtures  of 
both  synthetic  estrogens  and  progestogens  taken  daily  over  a  period  of 
20  to  22  days  in  each  menstrual  cycle  constitute  the  combination  type. 
The  sequential  type  attempts  to  more  closely  resemble  natural  hormonal 
production  in  that  a  synthetic  estrogen  is  taken  during  the  follicular 
phase  of  the  cycle  followed  by  a  combination  of  both  synthetic  proges¬ 
togen  and  estrogen  in  the  luteal  phase  of  the  menstrual  cycle.  Follow- 
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ing  cessation  of  medication  after  20  to  22  days  of  administration  of 
either  type  a  simulated  menstrual  period  occurs.  The  mode  of  action  of 
oral  contraceptives  is  not  fully  understood,  but  the  result  is  clearly 
inhibition  of  ovulation. 

Pyridoxal  phosphate,  the  metabolically  active  form  of  vitamin  Bg 
(6),  has  been  conclusively  demonstrated  to  be  essential  in  over  30 
enzymatic  reactions  (2) .  Pyridoxal  phosphate  functions  in  fat  and 
carbohydrate  metabolism,  hoiuever,  its  major  metabolic  function  is  in 
protein  and  amino  acid  metabolism  (7). 

Vitamin  B6  is  essential  for  the  metabolism  of  the  amino  acid 
tryptophan  (8)  (fig.l).  Pronounced  alterations  in  tryptophan  metabolism 
are  present  in  a  vitamin  B6  deficiency.  During  a  vitamin  B6  depletion 
study  Yess  et  al.  (9)  periodically  administered  a  2-gm  load  dose  of 
tryptophan  to  6  male  human  subjects.  They  reported  that  urinary  xan¬ 
thurenic  acid  uas  elevated  from  a  mean  level  of  41  ^moles/24  hours 
immediately  before  depletion  began  to  484  ;umoles/24  hours  at  the  height 
of  depletion.  Similarly,  urinary  kynurenic  acid  was  increased  from  54 
to  88  jjmoles,  acetylkynurenine  from  9  to  110  jjmoles,  kynurenine  from 
22  to  643  ^pimoles,  and  hydroxykynurenine  from  21  to  1294  jjmoles.  Anth- 
ranilic  acid  glucuronide  excretion  decreased  from  6  ^jmoles/24  hours  to 
5  ^jmoles/24  hours  at  the  height  of  vitamin  B6  depletion  as  did  o-amino- 
hippuric  acid  from  48  to  31  ^moles  daily.  As  a  result  of  such  findings 
the  measurement  of  certain  urinary  tryptophan  metabolites  following  a 
tryptophan  load  dose  has  been  used  widely  as  an  index  of  vitamin  B6 
nutriture  (10).  The  2-gm  load  dose  of  L-tryptophan  has  been  recommen¬ 
ded  as  this  level  seldom  produces  undesirable  side  effects  which  may 


occur  at  higher  levels. 
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Figure  1  Pathway  for  the  metabolism  of  tryptophan  (8).  The  pathway  believed 
to  be  of  major  significance  on  a  quantitative  basis  is  indicated  by 
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In  explanation  of  the  changes  which  occur  in  tryptophan 
metabolism  Ogasawara  et  al.  (ll)  have  reported  that  in  vitamin  Bg 
deficiency  the  enzyme  kynureninase  becomes  depleted  of  the  coenzyme 
pyridoxal  phosphate  at  a  faster  rate  than  does  kynurenine  transaminase 
thus  resulting  in  an  accumulation  of  kynurenine  and  3— hydroxykynurenine 
and  the  transamination  products,  kynurenic  acid  and  xanthurenic  acid 
(fig.l).  The  elevation  of  xanthurenic  acid  has  been  historically  used 
to  indicate  vitamin  B6  deficiency  (12);  however,  Price  et  al.  (13)  have 
proposed  that  a  more  complete  picture  of  the  metabolic  interrelation¬ 
ships  can  be  obtained  by  the  analysis  of  as  many  of  the  tryptophan 
metabolites  as  possible.  Price  et  al.  (14)  have  also  suggested  that 
the  measurement  of  xanthurenic  acid  alone  might  not  detect  a  more 
serious  vitamin  B6  deficiency  in  which  the  apoenzyme  kynurenine  trans¬ 
aminase  had  lost  the  coenzyme,  pyridoxal  phosphate.  Other  tryptophan 
metabolites  which  serve  as  xanthurenic  acid  precursors,  such  as 
kynurenine  and  3-hydroxykynurenine  (fig.l),  should  also  be  determined. 

Following  the  administration  of  oral  contraceptive  steroids 
abnormal  tryptophan  metabolism  has  been  observed  in  humans  in  which 
vitamin  B6  intake  was  apparently  adequate.  In  1966,  Rose  (15)  reported 
the  excretion  of  xanthurenic  acid  ranging  from  24  to  983  mg  in  the 
8-hour  urine  collection  following  a  5-gm  load  dose  of  L-tryptophan  in 
14  women  who  had  been  taking  a  variety  of  progestogen-estrogen  prepara¬ 
tions  for  1  month  to  5  years.  Twelve  subjects  consisting  of  6  men  and 
6  women  acted  as  controls  and  excreted  a  range  of  10  to  60  mg  of 
xanthurenic  acid  under  similar  conditions.  After  5  days  of  oral  admini¬ 
stration  of  vitamin  Bg  in  the  form  of  40  mg  of  pyridoxine  hydrochloride 
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daily  to  one  experimental  subject  the  urinary  excretion  of  xanthurenic 
acid  fell  from  593  mg  before  vitamin  B5  administration  to  80  mg  after 
vitamin  Bg  supplementation  as  measured  in  an  8— hour  collection  of  urine 
following  a  5-gm  load  dose  of  tryptophan.  To  explain  such  results  Rose 
proposed  that  estrogens  may  have  an  inhibitory  effect  which  interferes 
with  the  coenzyme  function  of  pyridoxal-5-phosphate  with  the  enzyme 
kynurenine  transaminase. 

Also  in  1966,  Rose  (16)  published  the  results  of  a  study  in 
which  urinary  xanthurenic  acid  as  well  as  other  tryptophan  metabolites 
(Table  l)  were  measured  in  the  8-hour  collection  following  a  5-gm 
L— tryptophan  test  dose.  The  subjects  studied  were  10  women  taking  a 
variety  of  oral  contraceptives  of  the  combination  type,  5  who  were 
taking  estrogen  therapy  for  haemorrhagic  disorders,  and  22  healthy 
control  subjects  not  undergoing  hormonal  therapy.  Xanthurenic  acid 
levels  were  elevated  in  the  hormone-treated  groups  which  closely  agreed 
with  the  previous  work  of  the  same  author.  Twenty  milligrams  of  pyrid- 
oxine  hydrochloride  was  administered  orally  twice  daily  for  5  days  to 
one  of  the  subjects  taking  oral  contraceptives  with  the  result  that 
xanthurenic  acid  excretion  decreased  from  2688  ^pmoles  prior  to  vitamin 
B5  administration  to  336  ^moles  following  supplementation  in  the  8-hour 
collection  following  the  load  dose.  Administration  of  a  single  20-mg 
dose  of  pyridoxine  hydrochloride  with  the  tryptophan  load  dose  to  one 
of  the  estrogen-treated  subjects  likewise  produced  a  post-tryptophan 
reduction  of  xanthurenic  acid  from  662  ^moles  before  pyridoxine  admini¬ 
stration  to  87  ^imoles  following  supplementation.  The  administration  of 
vitamin  Bg  in  large  doses  thus  lowered  the  previously  high  excretion 
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Table  1 


Average  urinary  excretion  of  tryptophan  metabolites1  following 
a  5-gm  load  dose  of  L-try ptophan .  Rose  (16) 


Subjects 

XA  2 

HK2 

HA2 

Control 

135 

266 

119 

Estrogen-progestogen 

* 

1874 

1525 

599 

Estrogen 

854 

573 

454 

1  XA  =  xanthurenic  acid. 

HK  =  3-hydroxykynurenine. 

HA  =  3-hydroxyanthranilic  acid. 

2  Values  are  expressed  as  /jmoles/8  hours. 
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of  xanthurenic  acid  in  the  hormone-treated  group  to  levels  near  that 
of  the  control  group. 

Price  et  al.  (17)  conducted  a  study  similar  to  that  of  Rose  (16). 
Ten  young  women  ingesting  oral  contraceptive  pills  containing  2.5  mg  of 
nor et hy nodrel  (progestogen)  and  0.1  mg  of  mestranol  (estrogen)  were 
compared  to  18  healthy  female  control  subjects  not  taking  these  drugs. 
Urinary  excretion  levels  of  tryptophan  metabolites  before  and  after 
ingestion  of  a  2-gm  load  dose  of  L-tryptophan  were  measured.  The  mean 
xanthurenic  acid  excretion  levels  prior  to  the  tryptophan  load  dose 
differed  by  less  than  2  standard  deviations  in  the  control  and  experi¬ 
mental  groups  (Table  2).  After  administration  of  the  loading  dose  of 
tryptophan  the  subjects  taking  the  oral  contraceptives  excreted  a  mean 
level  of  697  ^moles/24  hours  of  xanthurenic  acid  which  was  greater  than 
2  standard  deviations  above  the  mean  level  of  30  ^pmoles/24  hours 
excreted  by  the  control  group  (Table  2).  Pyridoxine  supplementation  to 
the  experimental  group  in  the  form  of  25  mg  of  pyridoxine  hydrochloride 
4  times  daily  for  2  days  resulted  in  the  excretion  of  levels  of  xanth¬ 
urenic  acid  by  the  experimental  group  which  were  within  the  range  of 
the  control  group  (Table  2). 

The  levels  of  urinary  xanthurenic  acid  in  the  study  of  Price  et 
al .  (17)  were  somewhat  lower  than  in  the  previous  work  of  Rose  (16) 
because  Price  used  a  2-gm  load  dose  of  tryptophan  rather  than  the  5-gm 
dose  which  Rose  had  used. 

To  study  the  metabolic  effect  of  oral  steroid  hormones  Aly  and 
coworkers  (18)  conducted  a  6-day  controlled  diet  study  with  an  experi¬ 
mental  group  of  5  young  women  who  had  been  taking  a  variety  of  oral 
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Average  urinary  excretion  of  tryptophan  metabolites  by  10  subjects  ingesting  oral 
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values  differ  from  the  mean  values  for  controls  by  more  than  2  standard  deviations. 
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contraceptive  pills  of  the  combined  type  for  11  to  50  months  and  a 
control  group  of  5  ujomen  who  had  not  been  using  such  hormones.  Xanth¬ 
urenic  acid  (Table  3),  as  well  as  other  tryptophan  metabolites,  were 
measured  in  the  24-hour  collection  of  urine  prior  to  and  following  a 
2-gm  oral  dose  of  L-tryptophan .  Little  difference  was  observed  between 
the  pre-load  xanthurenic  acid  levels  of  the  two  groupsj  however,  the 
differences  between  control  and  experimental  groups  following  trypto¬ 
phan  loading  was  significant  at  a  P<^(  0.001.  The  findings  of  this  study 
agree  with  uhat  of  Price  et  al.  (17)  although  Price  reported  a  greater 
mean  increase  in  xanthurenic  acid  excretion  after  the  administration 
of  a  tryptophan  load  dose  in  subjects  using  oral  contraceptives. 

In  a  recent  study,  Luhby  et  al.  (4)  attempted  to  determine  the 
minimum  daily  oral  dose  of  pyridoxine  hydrochloride  necessary  to 
decrease  urinary  xanthurenic  acid  levels  in  an  experimental  group  of 
33  female  subjects  taking  oral  contraceptives  to  levels  near  that  of  a 
control  group  of  10  women.  The  experimental  group  had  been  using  a 
variety  of  oral  contraceptive  pills  for  3  months  to  6  years.  Each 
subject  participated  in  the  study  for  3  consecutive  menstrual  cycles. 
During  this  time  they  were  each  given  a  2-gm  L-tryptophan  load  near  the 
beginning,  at  the  mid  point,  and  at  the  end  of  each  menstrual  cycle. 
Urine  was  collected  for  the  8  hours  immediately  following  the  trypto¬ 
phan  load.  Pyridoxine  hydrochloride  was  administered  to  some  of  the 
experimental  and  control  subjects  at  a  daily  dosage  of  2 ,  5,  10,  or  20 
mg  levels.  Each  level  of  pyridoxine  hydrochloride  was  administered  for 
one  complete  menstrual  cycle.  Five  of  the  users  of  oral  contraceptives 
and  8  non-users  were  not  given  pyridoxine  supplementation. 
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Table  3 

Average  urinary  excretion  of  tryptophan  metabolites"^"  by  5  women  using 
oral  contraceptives  and  5  controls  before  and  after  a  2-gm  load 
dose  of  L-tryptophan .  Aly  et  al.  (18) 


Treatment 

XA1 2 

KYN2 

KA2 

HKYN2 

Basal 

Control 

25 

2 

17 

29 

Experimental 

30* 

7* 

14* 

42 

Post-tryptophan 

Control 

83 

25 

56 

40 

Experimental 

293* 

20 

56 

50 

1  The  following  abbreviations  are  used:  XA,  xanthurenic  acid;  KYN, 
kynurenine;  KA,  kynurenic  acid;  and  HKYN,  3-hydroxykynurenine . 

2  Values  are  expressed  as  jjmoles/24  hours. 

*  Indicates  values  which  differ  significantly  from  the  mean  values 
for  controls  according  to  the  Student’s  t-test  at  a  P<0.05. 
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The  mean  individual  xanthurenic  acid  excretion  levels  in  the 
urine  of  the  control  group  ranged  from  9  to  18  jjmoles/8  hours.  None 
of  the  control  group  excreted  greater  than  35  ^pimoles  of  xanthurenic 
acid/ 8  hours;  therefore,  excretions  in  excess  of  35  pmoles/8  hours 
were  considered  to  be  abnormal  under  these  test  conditions. 

Approximately  three-quarters  of  the  experimental  group  excreted 
more  than  35  jjmoles  of  xanthurenic  acid/8  hours  during  one  or  more  of 
the  test  periods.  Among  the  33  experimental  subjects  the  maximum 
excretion  following  the  tryptophan  loading  tests  ranged  from  20  to  663 
;_imoles/8  hours.  The  mean  excretion  was  167  ^umoles/8  hours. 

The  2-mg  dose  of  pyridoxine  hydrochloride,  equivalent  to  the 
1968  NRC-Recommended  Dietary  Allowance  (2)  for  vitamin  Bg,  was  suffi¬ 
cient  to  decrease  xanthurenic  acid  excretion  following  a  2-gm  load  dose 
of  L-tryptophan  to  less  than  35  jumoles/8  hours  in  only  10/  of  the  oral 
contraceptive  users;  whereas,  a  5-mg  dose  still  resulted  in  xanthurenic 
acid  levels  greater  than  35  ^moles/8  hours  in  l/3  of  the  experimental 
group.  Following  the  administration  of  10  mg  of  pyridoxine  hydrochlor¬ 
ide  daily  25/  of  the  experimental  group  continued  to  produce  more  than 
35  ^moles/8  hours  and  even  after  supplementation  with  20  mg  of  pyrid¬ 
oxine  hydrochloride  14/  of  those  using  estrogen-progestogen  agents 
excreted  an  excess  of  xanthurenic  acid.  Using  regression  analysis  of 
the  dose-response  data  Luhby  et  al.  (4)  calculated  that  25  mg  of 
pyridoxine  hydrochloride  daily  would  be  required  to  decrease  xanthurenic 
acid  excretion  to  less  than  35  ^moles/8  hours  in  "all”  subjects  taking 
oral  contraceptives.  In  view  of  the  limited  numbers  of  subjects 
studied  and  allowing  5  mg  as  a  safety  factor  Luhby  et  al.  have  recom- 
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mended  a  daily  allowance  of  30  mg  of  pyridoxine  hydrochloride  for  women 
using  oral  contraceptives. 

Urinary  kynurenine  and  kynurenic  acid  levels  in  subjects  taking 
oral  contraceptives  compared  to  a  control  group  were  reported  by  Price 
-and  associates  (17)  and  by  Aly  and  coworkers  (18).  Price  et  al.  found 
that  steroid  hormones  had  no  significant  effect  on  the  excretion  of 
kynurenine  and  kynurenic  acid  previous  to  the  administration  of  trypto¬ 
phan  (Table  2);  however,  post-load  excretion  levels  of  both  metabolites 
in  the  experimental  group  were  more  than  2  standard  deviations  above 
the  mean  value  for  the  control  group.  Vitamin  B6  administration  of  100 
mg/day  of  pyridoxine  hydrochloride  for  2  days  to  the  experimental 
subjects  decreased  post-tryptophan  kynurenine  and  kynurenic  acid 
excretion  to  levels  similar  to  that  excreted  by  the  control  group. 

The  results  of  a  study  by  Aly  and  coworkers  (Table  3)  were  some¬ 
what  different  than  those  of  Price  et  al.  Prior  to  the  administration 
of  a  load  dose  of  tryptophan,  kynurenine  excretion  was  significantly 
greater  in  the  experimental  group  than  the  control  group  (P<(0.02), 
however,  kynurenic  acid  excretion  was  significantly  greater  (P<0.05) 
in  the  control  group  compared  to  the  experimental  group.  Following 
loading  no  statistically  significant  difference  between  groups  was  noted 
for  either  kynurenine  or  kynurenic  acid  production  although  values 
reported  for  the  experimental  group  were  much  lower  than  those  reported 
by  Price  et  al.  (17).  Rose  (16)  also  measured  urinary  3-hydroxykynure- 
nine  levels  in  the  8-hour  collection  following  a  5-gm  load  dose  of 
L-tryptophan  (Table  l) .  Elevated  levels  of  3-hydroxykynurenine  were 
found  in  the  estrogen-progestogen  treated  subjects  and  in  subjects 
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receiving  only  estrogen  compared  to  a  control  group.  Administration  of 
20  mg  of  pyridoxine  hydrochloride  the  night  before  a  5— gm  tryptophan 
load  plus  20  mg  of  pyridoxine  hydrochloride  with  the  tryptophan  load  to 
one  subject  taking  estrogen-progestogen  preparations  reduced  the  3-hyd- 
roxy kynure nine  excretion  from  2101  ^jmoles/8  hours  prior  to  pyridoxine 
administration  to  121  jjmoles/8  hours  following  vitamin  supplementation. 
Similarly,  3-hydroxykynurenine  excretion  was  decreased  from  423  jjmoles 
prior  to  supplementation  to  54  jumoles  by  the  addition  of  20  mg  of 
pyridoxine  hydrochloride  to  the  tryptophan  load  of  one  estrogen— treated 
subject . 

Rose  (16)  suggested  that  his  findings  in  this  experiment  indi¬ 
cated  an  estrogen-induced  increase  in  the  capacity  for  conversion  of 
tryptophan  to  nicotinic  acid.  As  a  result,  tryptophan  loading  produced 
a  relative  shortage  of  pyridoxal  phosphate  coenzyme  and  a  consequent 
increase  in  metabolites  of  tryptophan. 

Price  et  al.  (17)  found  a  comparable  trend  in  3-hydroxykynurenine 
excretion  in  24-hour  collections  prior  to  and  following  a  2-gm  load 
dose  of  tryptophan  (Table  2).  No  difference  between  the  control  and 
the  experimental  group  existed  before  loading,  but  following  the  tryp¬ 
tophan  load  a  statistically  significantly  greater  amount  of  3-hydroxy¬ 
kynurenine  was  excreted  by  the  experimental  group  compared  to  the 
control  group.  Administration  of  100  mg  of  pyridoxine  hydrochloride 
daily  for  2  days  to  the  experimental  group  resulted  in  excretion  of 
3-hydroxykynurenine  which  was  within  the  range  of  the  control  group 
both  before  and  after  tryptophan  loading  (Table  2). 
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In  contrast,  Aly  and  coworkers  (18)  found  no  significant 
difference  in  3-hydroxykynurenine  excretion  in  a  control  group  and  in 
subjects  using  oral  contraceptives  before  and  after  a  2-gm  load  dose 
of  L-tryptophan  (Table  3). 

Price  et  al.  (17)  reported  urinary  anthranilic  acid  (fig.l) 
levels  determined  as  the  glucuronide  in  the  24-hour  collection  of  a 
group  of  young  women  using  oral  contraceptives  and  a  control  group 
before  and  after  a  2-gm  load  dose  of  L-tryptophan.  Those  using  oral 
contraceptives  excreted  essentially  the  same  amount  of  anthranilic  acid 
glucuronide  as  the  control  group  before  and  after  loading  (Table  2). 

The  administration  of  25  mg  of  pyridoxine  hydrochloride  4  times  daily 
f or  2  days  to  the  experimental  group  produced  little  pre-load  change  in 
the  excretion  of  anthranilic  acid  glucuronide;  however,  following  the 
load  the  experimental  group  excreted  12  jjmoles  of  anthranilic  acid 
glucuronide  which  was  greater  than  2  standard  deviations  above  that  of 
the  control  group. 

Price  et  al.  (17)  also  determined  o-aminohippuric  acid  (fig.l) 
and  found  no  significant  difference  in  the  excretion  between  oral 
contraceptive  users  and  a  control  group  before  and  after  pyridoxine 
supplementation  (Table  2).  In  each  case  measurements  were  made  prior 
to  and  following  a  2-gm  load  dose  of  L-tryptophan. 

Rose  (16)  reported  that  in  some,  but  not  all,  users  of  oral 
contraceptives  3-hydroxy anthranilic  acid  levels  were  elevated.  The 
mean  level  of  3-hydroxy anthranilic  acid  excreted  by  the  control  group 
was  much  lower  than  the  estrogen-progestogen  subjects  or  the  estrogen 
therapy  subjects  (Table  l) .  The  administration  of  20  mg  of  pyridoxine 
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hydrochloride  the  night  prior  to  the  load  dose  of  tryptophan  plus  20  mg 
of  pyridoxine  hydrochloride  with  the  load  dose  to  one  oral  contraceptive 
user  reduced  the  3-hydroxyanthranilic  acid  excretion  from  578  jjmoles  in 
the  8-hour  collection  following  the  load  before  vitamin  supplementation 
to  234  jjmoles  following  supplementation.  Similarly,  20  mg  of  pyridoxine 
hydrochloride  with  the  load  to  one  of  the  estrogen— treated  subjects 
decreased  the  3— hydroxyanthranilic  acid  level  from  136  jjmoles  before 
the  vitamin  administration  to  45  jjmoles  following  supplementation. 

Rose  (16)  noted  that  since  3-hydroxyanthranilic  acid  is  the 
result  of  the  kynureninase  action  on  3-hydroxykynurenine  (fig.l) 
elevation  of  3-hydroxyanthranilic  acid  would  not  normally  be  expected 
in  a  simple  vitamin  Bg  deficiency  in  which  kynureninase  activity  is 
depressed.  The  fact  that  pyridoxine  administration  lowered  the  ele¬ 
vated  levels  of  3-hydroxyanthranilic  acid  in  the  hormone-treated 
subjects  suggested  that  vitamin  Bg  is  involved  in  one  or  more  enzymatic 
steps  beyond  3-hydroxyanthranilic  acid. 

Rose  et  al.  (19)  extended  the  study  of  Price  et  al.  (17)  by 
examining  the  urinary  excretion  of  Nl -methylnicotinamide  (fig.l)  as  well 
as  2-pyridone  ( IM1 -methyl-2-pyridone-5-carboxamide)  in  10  women  using 
oral  contraceptives  before  and  after  a  2-gm  load  dose  of  L-tryptophan . 

The  results  were  compared  with  those  of  a 'healthy  control  group  of 
premenopausal  women.  Rose  et  al.  (19)  found  that  the  experimental 
group  excreted  60  jjmoles/24  hours  of  N1 -methylnicotinamide  prior  to  the 
load  which  was  significantly  more  than  the  32  jjmoles/24  hours  produced 
by  the  control  group  under  similar  conditions.  Following  loading  148 
jjmoles/24  hours  of  l\l 1 -methylnicotinamide  was  produced  by  the  oral 
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contraceptive  users  compared  to  the  significantly  lower  75  ^pmoles 
excreted  by  the  control  group.  Pyridoxine  hydrochloride  given  as  25 
mg  4  times  daily  f or  2  days  to  the  experimental  and  control  groups 
increased  urinary  N ^ — methylnicotinamide  to  102  ^jmoles/24  hours  in  the 
experimental  group  and  52  jumoles  in  the  control  group  before  the  load 
dose,  and  to  184  jumoles  in  the  oral  contraceptive  group  and  94  jjmoles 
in  the  control  group  following  loading.  Both  pre-  and  post-tryptophan 
values  for  the  experimental  group  differed  statistically  from  those  of 
the  control  group  according  to  the  Student’s  t-test  (P<0.05).  The 
administration  of  pyridoxine  therefore  did  not  decrease  N1 -methylnico- 
tinamide  in  the  experimental  group  to  values  within  the  range  of  the 
control  group  as  had  been  the  case  with  some  of  the  other  tryptophan 
metabolites  (17) . 

Pre-tryptophan  excretion  of  2-pyridone  in  the  experimental 
group  in  this  same  study  by  Rose  et  al.  was  64  j_imoles/24  hours  which 
was  not  significantly  different  from  the  86  jjmoles  produced  by  the 
control  group.  Following  the  tryptophan  load  dose  136  yjmoles  were 
produced  by  the  oral  contraceptive  users  and  140  jjmoles/24  hours  by  the 
control  group.  Pyridoxine  supplementation  resulted  in  a  pre-tryptophan 
load  increase  in  the  experimental  group  to  121  /jmoles/24  hours  and  to 
149  jumoles  in  the  control  group.  Post-tryptophan  excretion  was  185 
jumoles  in  the  experimental  group  and  191  yjmoles  in  the  control  group. 

No  significant  difference  in  2-pyridone  excretion  between  the  control 
and  the  experimental  group  was  noted. 

Price  et  al.  (17)  had  previously  reported  2-pyridone  excretion 
in  oral  contraceptive  users  and  a  control  group  (Table  2).  The  results 
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obtained  from  the  experimental  group  were  similar  to  those  of  Rose 
et  al.  (19).  The  control  group,  however,  in  the  study  of  Price  et  al. 
did  not  undergo  pyridoxine  supplementation  as  in  the  group  studied  by 
Rose  et  al.,  and  as  a  result  the  control  group  excreted  only  89  jjmoles 
2-pyridone  before  the  load  and  131  jjmoles  following  loading.  Never¬ 
theless,  no  significant  difference  in  2— pyridone  excretion  between  the 
experimental  and  control  group  was  found. 

Rose  et  al.  (19)  have  explained  these  results  by  suggesting  both 
a  hormone-mediated  increase  in  the  conversion  of  tryptophan  to  N’-methyl- 
nicotinamide  plus  a  partial  interference  with  the  subsequent  metabolism 
of  N 1 -me thylnicot inamide  to  2-pyridone  (fig.l).  Studies  conducted  by 
Gluecksohn-UJaelsch  et  al.  (20)  with  mice  are  consistent  with  this 
explanation  as  they  found  that  estradiol  administration  reduced  the 
activity  of  the  enzyme  which  catalyzes  the  oxidation  of  N1 -methylnico- 
tinamide  to  2-pyridone  by  60ft  in  one  experiment  and  by  16%  in  another. 

In  addition  to  the  altered  tryptophan  metabolism  in  subjects 
using  oral  contraceptives,  differences  in  plasma  and  urinary  nitrogen 
have  been  reported  in  oral  contraceptive  users  compared  to  a  control 
group . 

Aly  and  coworkers  (18)  found  that  the  total  plasma  free  amino 
acid  levels  were  significantly  lower  in  subjects  taking  oral  contra¬ 
ceptives  (P<C0.02)  due  to  a  marked  decrease  in  the  level  of  some  of  the 
non-essential  amino  acids.  The  total  for  the  six  essential  amino  acids 
determined  was  78  ^moles/lOO  ml  of  plasma  for  the  experimental  subjects. 
This  difference  was  not  significant  when  compared  with  the  levels  found 
in  the  control  group.  Nine  non-essential  amino  acids  were  measured  and 
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a  total  of  133  ^jmoles/lOO  ml  plasma  urns  detected  in  the  control  group 
compared  with  101  yjmoles/lOO  ml  of  plasma  for  the  experimental  group. 
This  difference  was  significant  at  a  P<0.02. 

Aly  et  al.  (18)  suggest  that  the  decrease  in  plasma  levels  of 
some  amino  acids  in  the  experimental  group  could  perhaps  be  explained 
by  a  shift  of  these  amino  acids  to  some  other  tissue  in  the  body  or  to 
a  possible  increase  in  their  urinary  excretion. 

Craft  and  UJise  (21)  reported  lower  levels  of  fasting  plasma 
L— amino  nitrogen  in  subjects  taking  oral  contraceptives  compared  with 
a  control  group.  Experimental  subjects  had  3.31  mg  of  amino  nitrogen/ 
100  ml  plasma  compared  with  3.64  mg  for  the  control  group.  For  plasma 
L-amino  nitrogen  the  ratio  of  experimental  to  control  group  was  0.90  in 
the  study  of  Craft  and  UJise  (21)  compared  with  0.83  for  the  amino  acids 
measured  in  the  study  of  Aly  et  al.  (18). 

Craft  and  UJise  (21)  also  noted  that  in  normal  women  there  was  a 
tendency  for  the  fasting  level  of  plasma  L-amino  nitrogen  to  be  lower 
in  the  second  half  of  the  menstrual  cycle  which  is  progesterone  domi¬ 
nated,  although  not  as  low  as  levels  found  in  users  of  oral  contracep¬ 
tives.  They,  therefore,  offered  in  possible  explanation  for  their 
results  that  synthetic  progestogen  is  mildly  anabolic  and  that  there 
may  be  increased  utilization  of  amino  acids  by  the  liver  and  peripheral 
tissues  in  those  taking  oral  contraceptives. 

Friedberg  and  Greenberg  (22)  also  found  that  the  administration 
of  estrogen  produced  a  significant  lowering  of  the  free  plasma  amino 
acid  levels  in  male  rats.  A  mean  level  of  6.4  mg  of  free  amino  acids/ 
100  ml  of  plasma  was  reported  in  the  control  rats  compared  to  5.2  mg/ 
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100  ml  in  the  estrogen— treated  rats.  The  difference  was  significant 
at  P<  0.02. 

In  contrast,  Zinneman  and  associates  (23)  reported  that  the 
administration  of  5  mg  of  diethylstilbestrol  (a  synthetic  estrogen) 
daily  f or  5  days  to  human  male  subjects  produced  no  significant  differ¬ 
ences  in  free  plasma  and  urinary  amino  acid  levels. 

In  a  later  study  Zinneman  and  coujorkers  (24)  analyzed  plasma  and 
urine  for  21  free  amino  acids  in  5  males  who  had  received  100  mg  daily 
of  progesterone  intramuscularly  for  7  days.  After  a  4-month  interval 
this  same  group  received  5  mg  of  diethylstilbestrol  (a  synthetic  estro¬ 
gen)  daily  combined  with  100  mg  daily  of  progesterone  intramuscularly 
f or  7  days.  Although  significant  differences  were  noted  for  some 
amino  acids  there  was  no  overall  significant  difference  in  total 
urinary  and  plasma  amino  acid  levels  following  progesterone  adminis¬ 
tration.  An  increase  in  urinary  excretion  of  free  amino  acids  was 
noted  following  progesterone  combined  with  estrogen  administration, 
whereas,  the  free  plasma  amino  acid  levels  decreased  but  did  not  follow 
the  same  pattern  as  the  urinary  excretion. 

In  possible  accord  with  the  proposal  that  amino  acids  shift  from 
the  plasma  to  the  tissues  rather  than  to  the  urine,  (YlcCorquodale  and 
Mueller  (25)  noted  induction  of  rapid  uterine  growth  in  rats  by 
estradiol  (a  synthetic  estrogen). 
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EXPER I1Y1ENTAL  PROCEDURE 


Subjects 

Ten  subjects  participated  in  the  study.  Five  young  women  using 
oral  contraceptive  pills  of  the  combined  type  made  up  the  experimental 
group  while  another  five  women,  not  on  hormonal  therapy  but  having  a 
history  of  regular  menstrual  cycles,  served  as  controls.  The  chosen 
experimental  group  had  been  using  steroids  for  at  least  six  months 
before  commencing  the  study  because  almost  all  reported  adverse  clini¬ 
cal  symptoms  or  biochemical  changes  associated  with  such  hormonal  use 
are  manifested  within  the  first  3  months  after  commencing  therapy  (26). 
The  names,  dosage  levels,  and  potencies  of  the  oral  contraceptives  used 
as  well  as  the  duration  of  usage  prior  to  the  study  are  shown  in  Table 
4.  Several  of  the  experimental  subjects  had  experienced  side  effects 
which  could  possibly  be  attributed  to  pill  usage.  Reported  side  effects 
were  nausea  occurring  on  the  first  day  of  the  cycle  and  melasma  reported 
by  subject  6,  occasional  spotting  reported  by  subject  7,  and  a  slight 
weight  gain  in  subject  10. 

A  preliminary  questionnaire  followed  by  a  pre-study  clinical 
examination  was  used  to  eliminate  unsuitable  subjects  so  that  all 
chosen  volunteers  were  apparently  healthy.  Some  general  characteris¬ 
tics  of  the  subjects  are  given  in  Table  5.  No  significant  difference 
existed  between  the  experimental  and  control  groups  in  any  of  the 
characteristics  noted  using  the  unpaired  t-test. 
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Names  and  dosages  of  the  oral  contraceptive  pills  used  by  the  experimental  group  in  the  present  study 
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Table  5 

General  characteristics  of  the  subjects  in  the  present  study 


Subject 

Age^ 

Height^ 

Weight^ 

Menstrual  cycle 

Age  Length  Length 

of  of  of 

onsetH  cycle  bleeding 

Control  Group 

1 

23.0 

5-0 

114 

13 

32 

4 

2 

26.5 

5-6 

127 

12 

30 

5 

3 

23.0 

5-3 

124 

13 

28 

3 

4 

24.0 

5-6 

117 

13 

28 

3 

5 

23.0 

5-5 

135 

13 

28 

5 

Mean  Value  24.0 

5-4 

123 

13 

30 

4 

Experimental  Group 

6 

24.5 

5-8 

161 

13 

28 

6 

7 

28.0 

5-4 

120 

14 

28 

4 

8 

26.0 

5-2 

118 

13 

28 

3 

9 

25.0 

5-2 

111 

12 

28 

4 

10 

22.5 

5-4 

126 

15 

28 

3 

Mean  Value  25.0 

5-4 

127 

13 

28 

4 

1  Values 

are  expr 

essed  in  years  to  the  nearest  six  months. 

2  Values 

are  expr 

essed  in  feet  plus  inches  without  shoes. 

3  Values 

are  expr 

essed  to  the  nearest 

pound  as  recorded  at 

the 

beginning  of  the  study  period. 

4  Values 

are  expr 

essed  in  years. 

5  Values 

are  expr 

essed  in  days. 
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The  Study  Period 

To  obtain  information  about  the  nutritional  background  of  each 
volunteer  a  dietary  record  for  the  3  days  just  prior  to  the  study  was 
recorded  by  each  subject. 

To  standardize  the  dietary  intake  and  therefore  minimize  the 
effect  of  diet  on  the  indices  to  be  measured  the  subjects  were  placed 
on  a  controlled  dietary  regime  (Appendix  I).  The  diet  was  such  that  it 
could  be  packaged  so  that  it  did  not  have  to  be  consumed  in  any  parti¬ 
cular  location. 

The  basal  diet  was  consumed  in  entirety  daily  and  met  the 
National  Research  Council's  1968  Recommended  Dietary  Allowances  (2)  in 
all  nutrients  except  iron.  The  calculated  iron  intake  was  12.4  mg 
daily.  Iron  supplementation  was  not  provided  due  to  the  short  duration 
of  the  study  and  also  because  this  level  of  iron  met  the  Canadian 
dietary  standard  (27)  of  ID  mg  daily  for  this  group. 

To  allow  for  individual  variation  in  caloric  requirement  an  ad 
libitum  source  of  additional  energy  was  provided  and  consumed  as 
desired  (Appendix  I) .  The  kind  and  quantity  of  ad  libitum  consumption, 
any  unusual  activities,  and  the  intake  of  any  drugs  were  recorded  by 
the  subjects. 

The  study  lasted  6  days.  The  first  4  days  of  the  study  allowed 
adjustment  to  the  experimental  diet.  A  2— gm  oral  load  dose  of  L— tryp¬ 
tophan  was  given  in  synthetic  orange  juice  the  morning  of  the  sixth 
day.  Day  5  was  therefore  considered  as  the  pre-load  or  basal  day  and 
day  6  as  the  post-load  day. 
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Timing  of  the  Study  Period 

The  timing  of  the  metabolic  study  was  particularly  important 
since  Rose  (28)  had  shown  that  in  the  normal  menstrual  cycle  elevated 
lev/els  of  tryptophan  metabolites  in  the  urine  occurred  following  a  5-gm 
load  dose  of  L— tryptophan  given  at  the  time  of  ovulation  when  compared 
to  the  immediate  post-menstrual  period.  Likewise,  Craft  and  UJise  (21) 
found  that  the  different  phases  of  the  menstrual  cycle  influenced 
fasting  levels  of  plasma  L-amino  nitrogen. 

Most  of  the  physical  complications  reported  to  be  associated 
with  the  usage  of  oral  contraceptive  pills  are  correlated  with  the 
estrogen  content  of  the  pill  (26);  therefore,  the  present  study  was  so 
timed  to  coincide  with  the  period  of  maximum  estrogen  secretion  in  the 
control  group  which  is  thought  to  occur  at  the  point  of  ovulation  (29) 
or  the  approximate  midpoint  of  the  menstrual  cycle.  The  control  group 
was  chosen  to  have  regular  menstrual  cycles,  and  as  the  experimental 
group  had  hormonally  controlled  cyclical  activity,  day  14  of  the 
menstrual  cycle  was  chosen  as  the  most  appropriate  time  for  the  admini¬ 
stration  of  the  tryptophan  load  dose.  This  was  timed  to  occur  on  day 
6  of  the  study. 

In  a  normal  menstrual  cycle  the  basal  body  temperature  is 
theoretically  of  a  diphasic  character  due  to  the  two  phases  of  the 
cycle  (29)  .  Ovulation  is  associated  with  a  drop  in  body  temperature 
followed  by  an  upward  shift  to  a  higher  level.  Immediately  upon  waking 
each  day  control  subjects  registered  their  oral  basal  body  temperature 
beginning  on  the  second  day  of  the  bleeding  period  and  continuing 
through  the  experimental  study  until  day  20  of  the  menstrual  cycle. 
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This  was  used  as  an  aid  in  determining  whether  the  calculated  ovulation 
time  coincided  with  actual  ovulation.  Subjects  taking  oral  contracep¬ 
tive  pills  were  not  requested  to  register  their  basal  body  temperatures 
because  ovulation  in  these  subjects  was  suppressed  (5). 

Collection  of  Samples 

a)  Urine  collection 

Urine  was  collected  in  bottles  containing  a  few  crystals  of 
thymol  to  serve  as  a  preservative.  On  the  morning  of  the  ninth  day  of 
the  menstrual  cycle  each  subject  completely  emptied  her  bladder, 
discarded  the  urine,  and  then  made  continuous  24— hour  collections  for 
the  next  6  days.  The  24-hour  urine  collections  were  composited  daily, 
the  daily  volume  measured,  and  an  aliquot  was  kept  at  -20°C  until 
analyzed.  For  the  estimation  of  urinary  tryptophan  metabolites  and 
nitrogen  a  pooled  sample  of  urine  was  used  from  the  first  4  days,  and 
a  separate  sample  from  day  5  (pre-tryptophan)  and  day  6  (post-trypto¬ 
phan)  (Appendix  II). 

Since  the  body  excretes  a  nearly  constant  amount  of  creatinine 
daily  in  the  urine  (30),  the  determination  of  creatinine  was  originally 
intended  to  be  done  daily  and  was  to  act  as  a  check  for  completeness  of 
daily  urinary  collections.  Delay  in  receiving  the  creatinine  standard 
necessitated  freezing  the  samples  for  later  analysis.  Freezing  in  some 
way  interfered  with  the  determination  when  done  by  Folin’s  method  cited 
by  Oser  (31)  so  that  results  could  not  be  duplicated  using  this  method. 
The  method  proposed  for  use  with  the  B&L  Spectronic  20  instrument 
produced  satisfactory  results  (32).  The  standard  curve  obtained  using 
this  method  appears  in  Figure  2.  The  amount  of  creatinine  produced  was 
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Figure  2  Creatinine  standard  curv/e. 
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calculated  as:  gm  creatinine/24  hours  = 

O.D.  of  sample  X  24  hour  urine  volume(ml)  X  urine  dilution  factor  X  5 

O.D.  of  creatinine  standard/concentration  of  creatinine  standard  X  1000 

(mg/2ml  sample) 

b)  Blood  samples 

Several  studies  (33,34)  have  shown  changes  in  the  levels  of  some 
blood  constituents  at  different  times  in  the  day.  To  avoid  discrepancies 
due  to  this  all  blood  sampling  was  done  from  7:30  to  8:30  a.m.  Ten  ml 
of  fasting  venous  blood  was  withdrawn  by  venapuncture  before  breakfast 
of  day  6  of  the  study.  Immediately  the  blood  was  mixed  by  gentle  inver¬ 
sion  with  2  mg  of  sodium  ethylenediamine-tetracetic  acid  (Na-EDTA)  per 
ml  of  blood.  Two  samples  of  whole  blood  were  used  for  microhematocrit 
determination  (Appendix  III).  Hemoglobin  determinations  were  done  by 
the  oxyhemoglobin  method  (35) .  All  tubes  of  blood  were  kept  in  crushed 
ice  when  not  in  use.  The  plasma  and  red  blood  cells  were  separated  by 
centrifugation.  The  plasma  was  to  be  used  for  the  future  determination 
of  amino  acid  levels  whereas  the  vitamin  Bg  level  was  to  be  determined 
in  the  red  blood  cells. 

methodology 

a)  Xanthurenic  and  kynurenic  acid  in  urine 

The  fluorometric  method  of  Price  and  coworkers  (13) ,  with  minor 
modifications,  was  used  for  the  determination  of  kynurenic  and  xanth¬ 
urenic  acid  in  the  urine  (Appendix  II/).  This  procedure  is  based  upon 
the  principle  described  by  Price  and  Dodge  (36)  that  when  normal  human 
urine  is  passed  through  a  column  of  Dowex  50  (H+) ,  kynurenic  and 


xanthurenic  acids  remain  on  the  ion  exchange  resin.  UJashing  the  resin 
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wioh  a  large  volume  of  mater  results  in  the  release  of  both  acids  from 
the  column.  Very  few  other  substances  are  released  during  the  treat¬ 
ment  and  those  which  are  released  are  of  minimal  quantity  and  inter¬ 
ference.  Kynurenic  acid  exhibits  maximal  fluorescence  in  very  strong 
acid,  particularly  in  the  presence  of  sulfuric  acid,  in  contrast  to 
alkali  where  it  fluoreses  minimally;  whereas,  xanthurenic  acid  fluoreses 
strongly  in  alkali  and  exhibits  minimal  fluorescence  in  very  strong 
acid.  A  G.  K.  Turner  fluorometer  (Model  111)  was  used  to  determine 
fluorescence  rather  than  the  Coleman  Model  12C  photof luorometer  used  by 
Price  and  coworkers  (13).  This  instrument  was  extremely  sensitive  and 
therefore  an  emission  prism  was  removed  and  a  1%  neutral  density  filter 
was  inserted  along  with  the  other  secondary  filters  to  decrease  the 
sensitivity.  The  optimal  wavelengths  for  reading  kynurenic  acid 
fluorescence,  according  to  Price  and  coworkers  (13),  are  340  rryj  and 
435  rryj  for  excitation  and  emission  respectively.  The  primary  and 
secondary  filters  used  to  achieve  this  were  Corning  numbers  7-60  and 
3-75  respectively.  For  xanthurenic  acid  the  primary  and  secondary 
filters  used  were  Corning  numbers  7-51  and  3-73  which  correspond  to  the 
optimal  xanthurenic  acid  fluorescence  wavelengths  of  370  rryj  and  530  myj 
respectively . 

Four  chromatographic  columns  were  required  for  the  determination 
of  urinary  xanthurenic  acid  and  kynurenic  acid  for  each  subject  as 
samples  of  the  day  1  to  4  composite,  day  5,  and  day  6  were  analyzed  as 
well  as  a  sample  for  determining  recovery  on  the  day  1-4  composite. 

The  urine  from  2  subjects  could  thus  be  analyzed  at  one  time  because  8 
chromatographic  columns  were  handled  at  once. 
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b)  N1 -methylnicotinamide  in  urine 

I\1  *  -met hy lnicotinamide  in  urine  samples  ujas  determined  using  the 
method  of  Pelletier  and  Campbell  (37)  with  minor  modifications  (Appen¬ 
dix  U).  This  method  is  based  on  the  formation  of  a  stable  fluorescent 
condensation  product  when  N * -methylnicotinamide  is  treated  with  ketone 
and  alkali  in  the  cold  followed  by  heating  in  an  acid  medium  (38). 

Cold  urea  is  initially  introduced  into  the  urine  sample  to 
protect  the  amide  group  of  N * -methylnicotinamide  during  the  subsequent 
treatment  with  NaOH  thus  increasing  the  fluorescence.  The  urea  must  be 
kept  cold  following  preparation  to  prevent  the  formation  of  ammonia 
which  also  produces  a  decrease  in  the  fluorescence  of  urine  samples  as 
amide  groups  would  not  be  protected.  An  excess  of  ketone  is  then  added 
followed  by  the  addition  of  NaOH,  then  HC1,  and  buffer,  and  finally  the 
tubes  are  heated  in  a  water  bath  at  85°C  for  4  minutes.  Any  interfer¬ 
ing  pigments  produced  are  extracted  into  the  upper  ketone  layer  follow¬ 
ing  saturation  of  this  layer  with  buffer.  Samples  of  the  lower  layer 
containing  the  condensation  product  of  N * -methylnicotinamide  are  removed 
for  the  determination  of  fluorescence. 

A  typical  standard  curve  for  N* -methylnicotinamide  obtained  using 
this  method  is  shown  in  Figure  3. 

c)  Urinary  nitrogen 

Urinary  nitrogen  analyses  were  conducted  on  the  day  1-4  composite, 
day  5,  and  day  6  collections.  The  macro-Kjeldahl  A.O.A.C.  method  (39) 
was  used  with  some  variations  (Appendix  Ml). 

Theoretically,  this  method  involves  the  oxidation  of  nitrogenous 
substances  in  a  urine  sample  by  boiling  with  concentrated  sulfuric  acid 
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N 1  — fYlETHYLN ICOT I N AIY1  IDE  (/jg/tube) 


Figure  3  Standard  curve  for  N1 -methylnicotinamide . 
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in  a  macro-Kjeldahl  flask.  The  nitrogen  is  converted  to  ammonia  and  is 
fixed  as  ammonium  sulfate.  A  Kel-Pak^  containing  9.9  gm  K2SO4,  0.41  gm 
HgO  and  0.08  gm  CUSO4  is  added  to  the  urine-acid  mixture  and  acts  as  a 
catalyst  in  this  conversion.  CUSO4  and  HgO  lower  the  temperature  at 
which  the  urinary  nitrogen  is  converted  to  ammonium  sulfate  while  K2SO4 
increases  the  boiling  point  of  the  urine-acid  solution.  This  mixture  is 
digested  for  35  minutes  after  the  solution  becomes  clear  green.  The 
flasks  are  then  cooled.  Granulated  zinc  is  added  prior  to  the  addition 
of  tap  water  and  an  excess  of  40^  NaOH.  The  zinc  prevents  bumping  and 
frothing  when  the  NaOH  is  added  whereas  the  NaOH  neutralizes  the  con¬ 
centrated  acid  and  releases  the  ammonia  from  its  fixed  state  of 
ammonium  sulfate.  Potassium  sulfide  present  in  the  NaOH  solution 
reacts  with  the  Hg  in  the  catalyst  producing  HgS,  thus  preventing  the 
Hg  from  distilling  over  and  interfering  with  the  end  point.  The 
ammonia  is  then  immediately  steam  distilled  into  boric  acid  and  the 
ammonia-boric  acid  complex  is  then  acid  titrated  with  standard  acid, 
d)  Analysis  of  data 

Individual  values,  means,  and  standard  error  of  the  mean  are 
presented  for  each  index  measured.  Doubtful  observations  were  rejected 
according  to  the  procedure  described  by  Fales  and  Kenny  (40).  To  test 
the  significance  of  differences  between  the  values  of  the  control  group 
and  the  experimental  group  the  unpaired  t-test  (41)  was  used.  A  paired 
t-test  (42)  was  used  to  determine  the  levels  of  significance  of  the 
differences  in  the  means  of  indices  in  the  same  group  before  and  after 
the  tryptophan  load  dose. 
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RESULTS  AND  DISCUSSION 


Pre-Study  Analyses 

a)  Pre-study  clinical  examination 

The  pre-study  clinical  examination  shamed  all  subjects  to  be  in 
good  health.  Results  of  the  laboratory  investigations  conducted  are 
shown  in  Table  6. 

The  hemoglobin  level  was  determined  using  a  cy anmethemoglobin 
method.  All  participants  had  hemoglobin  levels  within  the  range  of  a 
healthy  adult  woman  (35) .  The  unpaired  t-test  showed  no  significant 
difference  between  the  control  and  experimental  groups. 

Serum  glutamic  oxalacetic  transaminase  (SGOT)  levels  were  used 
as  a  test  of  liver  function  for,  in  the  presence  of  hepatitis,  serum 
enzyme  activity  is  increased  presumably  due  to  liberation  of  SGOT  from 
injured  cells  (43) .  Larsson-Cohn  (44)  previously  reported  elevated 
SGOT  levels  in  6%  of  a  group  of  284  women  aged  18  to  46  years  who  had 
received  an  oral  contraceptive  preparation  consisting  of  2  mg  of 
norethindrone  (progestogen)  and  0.075  mg  mestranol  (estrogen)  daily 
for  one  year.  The  SGOT  levels  of  all  subjects  in  this  study  were 
within  the  normal  range  of  5  to  40  units  with  the  exception  of  subject 
8  who  had  a  slightly  elevated  SGOT  level  of  46  units.  No  significant 
difference  between  the  control  group  and  the  experimental  group  was 
found  using  the  unpaired  t-test. 

UJhether  or  not  urinary  glucose  was  present  was  determined  using 
Hema-Combistix . 1  Several  reports  have  indicated  a  possibility  of 
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Table  6 

Pre-study  clinical  examination  laboratory  results 


Subject 

Hemoglobin 

level"*" 

SG0T  level2’3 

Urinary 

Glucose^  Albumin3, 

Control  Group 

1 

13.7 

24 

-  — 

2 

13.9 

33 

-  - 

3 

14.8 

27 

-  - 

4 

14.7 

25 

-  — 

5 

13.7 

19 

-  - 

Mean  value 

14.2 

26 

SEM5 

+0.2 

+2 

Experimental  Group 

6 

12.9 

20 

-  - 

7 

14.5 

28 

-  - 

8 

13.0 

46 

-  - 

9 

13.0 

35 

-  - 

10 

13.3 

27 

-  - 

Mean  value 

13.3 

31 

SEM5 

+0.3 

+4 

1  Expressed  as 

gm/lOO  ml 

blood . 

2  Serum  glutamic  oxalacetic  transaminase. 

3  Expressed  as 

units. 

4  -  Indicates 

negative . 

5  Standard  error  of  the  mean. 
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impaired  glucose  tolerance  in  those  taking  oral  contraceptives  (45-47) . 
In  this  study  no  glucose  was  detected  in  the  urine  of  any  of  the  parti¬ 
cipants. 

The  presence  of  albumin  in  the  urine,  indicative  of  renal  damage, 
was  determined  using  sulf osalicylic  acid.  l\!o  albumin  was  found  in  the 
urine  of  any  of  the  subjects, 
b)  Pre-study  diet  record 

The  three-day  pre-study  diet  record  (Table  7)  showed  considerable 
individual  variations  in  food  consumption,  however,  there  was  no  signi¬ 
ficant  difference  in  intake  of  calories,  protein  or  vitamin  Bg  between 
the  control  and  experimental  group  using  the  unpaired  t-test. 

Study  Analyses 

a)  Ad  libitum  consumption 

The  average  daily  ad  libitum  caloric  consumption,  the  resulting 
total  daily  caloric  intake,  and  the  caloric  intake/pound  of  body  weight 
(Table  8)  showed  no  significant  difference  between  the  control  and 
experimental  group  as  determined  using  the  unpaired  t-test. 

b)  Basal  body  temperature  record 

The  basal  body  temperature  record  kept  by  the  control  group  from 
the  onset  of  the  menstrual  period  to  day  20  of  the  menstrual  cycle 
showed  a  diphasic  character  (Figure  4).  In  all  5  subjects  the  upward 
shift  in  basal  body  temperature  indicating  ovulation,  occurred  on  or 
very  near  day  14  of  the  cycle.  The  calculated  ovulation  time  thus 
coincided  with  the  actual  ovulation  time  in  these  5  subjects. 
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Table  7 

Pre-study  diet  record.  Average  daily  calculated  consumption 


Subject 

Kcal . 1  ’ 2 

n  4.  •  2>3 

Protein 

Vitamin  Bg^’^ 

Control  Group 

1 

1288 

57.1 

1.042 

2 

1170 

81.6 

1.119 

3 

1493 

61.8 

1.119 

4 

2286 

98.8 

1.783 

5 

1565 

51.4 

0.754 

Mean  value 

1560 

70.1 

1.163 

SEM6 

+195 

+8.8 

+0.169 

Experimental 

Group 

6 

2101 

68.8 

1.127 

7 

1586 

51.7 

1.149 

8 

1508 

80.4 

1.599 

9 

1551 

65.3 

0.960 

10 

2617 

93.8 

1.314 

Mean  value 

1873 

72.0 

1.230 

f. 

+215 

+7.1 

+0.108 

SEMb 

1  Kilocalories. 

2  Calculated  from  the  figures  of  UJatt  and  Merrill  (48)  and 
Bogert  et  al.  (49) . 

3  Expressed  as  gm. 

4  Expressed  as  mg. 

5  Calculated  from  the  figures  of  Polansky  (50),  Polansky  and 
Murphy  (51),  Polansky  et  al.  (52),  Hardinge  and  Crooks  (53), 
Lieck  and  Stfndergaard  (54),  Toepfer  et  al.  (55),  and  Orr  (56). 


6  Standard  error  of  the  mean. 
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Table  8 


Average  daily  ad  libitum  consumption,  total  daily  caloric 


intake , 

and  caloric 

intake/pound  of  body 

weight 

Subject 

Ad  libitum 
consumption^ 

Total  caloric 

intake 

KcalVlb 

body  weight 

Control  Group 

1 

0 

1378 

12 

2 

264 

1642 

13 

3 

74 

1452 

12 

4 

160 

1538 

13 

5 

360 

1738 

13 

Mean  value 

172 

1550 

13 

SEM3 

+65 

+65 

+0.2 

Experimental  Group 

6 

241 

1619 

10 

7 

712 

2090 

17 

8 

99 

1477 

12 

9 

61 

1439 

13 

10 

406 

1784 

14 

Mean  value 

304 

1682 

13 

SEM3 

+119 

+119 

+1 .  2 

1  Expressed  as  kilocalories. 

2  Total  caloric  intake  =  basal  caloric  intake  +  ad  libitum 
where  basal  caloric  intake  =:  1378  kilocalories. 


*7 

vJ 


Standard  error  of  the  mean. 
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Subject  1  g  Subject  2  §  Subject  3  |  Subject  4  |  Subject 
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Figure  4  Control  group  basal  temperature  record. 
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c)  Creatinine 

Daily  creatinine  values  showed  slight  variations  both  within 
the  individual  and  between  individuals  (Table  9).  The  day  to  day 
variations  within  the  individual  suggests  that  it  is  questionable  as 
to  how  rigidly  such  values  can  be  used  as  a  definite  check  for  com¬ 
pleteness  of  collection.  No  significant  difference  existed  between 
the  control  and  experimental  group  using  the  unpaired,  t-test. 

d)  Hemoglobin  and  hematocrit 

Hemoglobin  and  hematocrit  levels  as  determined  on  day  6  of  the 
study  (Table  10)  are  in  agreement  with  those  of  previous  studies  (57, 

58) .  The  difference  between  the  control  and  experimental  group  for 
both  hemoglobin  and  hematocrit  values  was  not  significant  as  indicated 
by  analysis  using  the  unpaired  t-test. 

For  some  subjects  there  was  considerable  difference  in  hemoglobin 
values  determined  on  day  6  compared  with  those  reported  in  the  pre-study 
clinical  examination  (Table  6).  This  may  be  due  to  the  time  lapse  of 
several  weeks  in  some  instances  between  the  two  analyses  or  perhaps 
due  to  the  different  methods  of  analysis. 

e)  Tryptophan  metabolites 

i)  Xanthurenic  acid.  Xanthurenic  acid  excretion  before  and 
after  consumption  of  a  2-gm  load  dose  of  L— tryptophan  appears  in  Table 
11.  There  was  no  significant  difference  in  xanthurenic  acid  excretion 
in  the  days  1-4  composite  compared  with  day  5  in  either  the  control 
group  or  the  experimental  group  using  a  paired  t-test;  however,  follow¬ 
ing  the  tryptophan  loading  on  day  6  the  control  group  excreted  a 
significantly  greater  amount  of  xanthurenic  acid  (P<C  0.001)  than  before 
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Table  9 

Daily  creatinine^"  production 


Subject 

Day  1 

Day  2 

Day  3 

Day  4 

Day  5 

Day  6 

Mean 

SEM1 2 

Control 

Group 

% 

1 

0.7 

0.8 

0.7 

1.0 

1.2* 

0.9 

0.9 

±0.1 

2 

1.0 

1.1 

1.1 

1.1 

1.0 

1.1 

1.1 

±0.0 

3 

1.0 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

±0.0 

4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.1 

1.0 

±0.0 

5 

1.2 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

±0.0 

Group  Mean 

1.1 

Experimental  Group 

6 

1.3 

1.4 

1.0 

1.6 

1.5 

1.3 

1.4 

±0.1 

7 

1.1 

0.9 

1.0 

0.9 

1.0 

0.9 

1.0 

±0.0 

8 

1.1 

1.2 

0.9 

1.1 

1.1 

1.1 

1.1 

±0.0 

9 

1.1 

1.0 

1.1 

1.1 

1.0 

1.1 

1.1 

±0.0 

10 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

±0.0 

Group  Mean  1.2 

1  Values  are  expressed  as  gm  creatinine/24  hours. 

2  Standard  error  of  the  mean. 

*  Approximately  100  ml  of  day  6  urine  sample  was  placed  in  day  5 
composite . 
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Table  10 


Hemoglobin 

and  hematocrit  lev/els  as 

on  day  6  of  the  study 

determined 

Subject 

Hemoglobin^ 

2 

Hematocrit 

Control  Group 

1 

12.7 

36 

2 

15.0 

40 

3 

15.9 

44 

4 

15.0 

42 

5 

14.6 

43 

Mean 

14.6 

41 

SEM2 

±0.5 

±1 

Experimental  I 

Group 

6 

14.6 

40 

7 

14.6 

39 

8 

13.9 

38 

9 

12.7 

36 

10 

14.2 

39 

Mean 

14.0 

38 

SEM2 

±0.3 

±1 

1  Values  are 

expressed  as  gm/lOO  ml  of 

blood . 

2  Percentage  packed  cells. 


3  Standard  error  of  the  mean. 
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Table  11 


Xanthurenic  acid'*'  excretion  in  the  urine  of  5  women  using 
oral  contraceptives  and  in  5  controls  before  and  after 


taking  a  load  dose  of  2  gm  of  L-tryptophan 


Sub  iect 

Pre-load 

Post-load 

Days  1-4 

Day  5 

Day  6 

Control  Group  (C) 

t 

1 

10.4 

12.2* 

59.9 

2 

12.0 

10.7 

56.8 

3 

11.3 

11.3 

46.5 

4 

10.3 

7.8 

50.4 

5 

14.0 

12.4 

51.6 

Mean 

11.6 

10.9 

53.0 

SEM2 

±0.7 

±0.8 

±2.4 

Level  of  Significance 

N.S.3 

< - ^ 

(P<0. 

001 

- > 

Experimental  Group  (E) 

6 

15.6 

18.2 

461.3 

7 

15.4 

15.8 

441.4 

8 

7.5 

10.0 

168.8 

9 

17.2 

15.0 

430.1 

10 

24.8 

22.3 

729.9 

Mean 

16.1 

16.3 

446.3 

SEM2 

±2.8 

±1.9 

±88.9 

Level  of  Significance 

N  .  S  . 3 

<= - * 

• 

o 

V 

CL 

01 

— * 

Level  of  Significance: 

3 

E  versus  C 

N.S. 

P<  0.05 

P<0.01 

1  Values  expressed  as  ;_imoles/24  hours. 

2  Standard  error  of  the  mean. 

3  Not  significant. 

*  Approximately  100  ml  of  day  6  urine  sample  was  placed 
in  day  5  composite. 
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loading  as  did  the  experimental  group  (p<^0.Ql).  Comparison  of 
xanthurenic  acid  excretion  in  the  control  group  versus  the  experi¬ 
mental  group  using  an  unpaired  t-test  showed  no  significant  difference 
on  the  days  1-4  composite  but  a  significantly  greater  excretion  by  the 
experimental  group  on  day  5  (P<0.05)  and  day  6  (P<0.01). 

Subject  8,  although  taking  a  preparation  similar  in  dosage  to 
the  other  subjects  (Table  4),  excreted  consistently  lower  levels  of 
xanthurenic  acid  than  did  the  other  experimental  subjects.  According 
to  the  pre-study  diet  record  (Table  7)  she  ingested  a  relatively  high 
daily  amount  of  vitamin  Bg  prior  to  the  study  which  could  suggest  that 
she  had  a  larger  reserve  of  vitamin  Bg  than  did  the  other  subjects 
which  might  explain  the  lack  of  response  to  the  load  dose.  However, 
this  result  could  also  be  due  to  an  unexplained  individual  metabolic 
alteration . 

The  trend  of  an  increased  xanthurenic  acid  excretion  in  the 
users  of  oral  contraceptives  in  this  study  agreed  with  the  previous 
work  of  Price  et  al.  (17)  and  Aly  et  al.  (18).  Price  et  al.  (Table  2), 
however,  reported  a  lower  mean  level  of  xanthurenic  excretion  by  the 
control  group  following  loading  than  is  reported  in  this  study  and  a 
higher  post-tryptophan  xanthurenic  acid  excretion  by  the  experimental 
group  than  reported  here.  In  comparison,  Aly  et  al.  (Table  3)  found  a 
greater  mean  xanthurenic  acid  excretion  in  both  groups  prior  to  the 
tryptophan  load  and  a  lesser  amount  of  xanthurenic  acid  excreted  by 
the  experimental  group  following  loading  than  in  the  present  study. 

ii)  Kynurenic  acid.  In  the  present  study  there  was  no  signifi¬ 
cant  difference  in  kynurenic  acid  excretion  (Table  12)  in  either  the 
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Table  12 

Kynurenic  acid  excretion  in  the  urine  of  5  luomen  using 
oral  contraceptives  and  in  5  controls  before  and  after 
taking  a  load  dose  of  2  gm  of  L-tryptophan 


Subjec 

:  t 

Pre-load 

Post- 

load 

Days  1- 

-4 

Day 

5 

Day 

6 

Control 

Group 

(c) 

1 

23.2 

• 

25. 

8* 

156 

.1 

2 

15.8 

14. 

2 

89 

.2 

3 

16.9 

16. 

2 

90 

.0 

4 

11.3 

8. 

1 

49 

.3 

5 

14.5 

13. 

0 

88 

.0 

Mean 

16.3 

15. 

5 

94 

.5 

SEM2 

±2.0 

±2. 

9 

±17 

.2 

Level 

of 

Significance 

N.S.3 
<; - > 

P<  0, 

< - 

.01 
- > 

Experime 

ntal 

Group  (E) 

6 

11.8 

11. 

2 

121 

.8 

7 

11.2 

12. 

0 

142 

.9 

8 

3.8 

6. 

5 

53 

.4 

9 

8.6 

• 

6. 

4 

102 

.5 

10 

7.9 

6. 

5 

85 

.6 

Mean 

8.7 

8. 

5 

101 

.2 

SEM2 

±1.4 

±1. 

3 

±15 

.5 

Level 

of 

Significance 

N.S.3 
< - > 

P<  0. 

,01 

- > 

Level 

of 

Significance: 

•7 

E 

V 

ersus 

C 

P<  0. 

02 

N.S 

5 

• 

N.S 

3 

• 

1  Values  expressed  as  ^moles/24  hours. 

2  Standard  error  of  the  mean. 

3  Not  significant. 

*  Approximately  100  ml  of  day  6  urine  sample  was  placed 
in  day  5  composite. 
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experimental  or  the  control  group  when  the  days  1-4  composite  was 
compared  with  day  5  using  a  paired  t-test.  Following  loading,  however, 
a  significantly  greater  amount  of  kynurenic  acid  was  excreted  compared 
with  pre-load  values  in  both  the  control  group  (P<(0.01)  and  the 
experimental  group  (P^O.Ol).  Comparison  of  the  control  group  with 
the  experimental  group  using  the  unpaired  t-test  indicated  that  the 
control  group  excreted  a  significantly  greater  (P<0.02)  amount  of 
kynurenic  acid  in  the  days  1-4  composite  whereas  no  significant  differ¬ 
ence  was  noted  for  day  5  or  day  6. 

Subject  1  excreted  higher  levels  of  kynurenic  acid  than  did  the 
other  control  subjects.  This  could  be  due  to  a  prolonged  intake  of  a 
lower  level  of  vitamin  B6  although  this  was  not  indicated  in  the  pre- 
study  diet  record  (Table  7).  Following  tryptophan  loading,  Subject  8 
produced  lower  amounts  of  kynurenic  acid  than  did  the  rest  of  the  exper¬ 
imental  group.  This  same  subject  also  had  a  decreased  excretion  of 
xanthurenic  acid  when  compared  with  other  members  of  her  group. 

In  contrast  to  the  present  study,  Price  et  al.  (17)  had  noted  a 
significantly  greater  excretion  of  kynurenic  acid  following  loading  by 
the  users  of  oral  contraceptives  compared  to  those  not  using  the  pill 
(Table  2).  The  mean  post-tryptophan  kynurenic  acid  level  of  the 
experimental  group  in  the  present  study  was  very  near  that  reported  by 
Price  et  al.,  however,  the  mean  level  of  kynurenic  acid  excreted  by  the 
control  group  following  the  load  dose  was  greater  in  the  present  study 

than  in  the  study  of  Price  et  al.  (17). 

Aly  et  al.  (18)  reported  a  higher  mean  pre-tryptophan  value  for 
the  experimental  group  (Table  3)  and  much  lower  post-tryptophan  values 
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for  both  groups.  In  agreement  with  the  present  study  Aly  et  al.  did 
not  find  a  significant  difference  in  kynurenic  acid  excretion  between 
the  experimental  and  control  group  following  the  tryptophan  load  dose. 

iii)  N 1 -methylnicotinamide .  N * -methylnicotinamide  excretion  was 
measured  before  and  after  administration  of  a  2— gm  oral  dose  of  L— tryp— 
tophan  (Table  13).  There  was  no  significant  mean  difference  in  pre¬ 
load  excretion  of  N 1 -methylnicotinamide  in  either  the  control  group  or 
the  experimental  group  when  the  days  1-4  composite  was  compared  with 
day  5  using  a  paired  t-test.  However,  following  loading  a  significan¬ 
tly  greater  mean  amount  of  N * -methylnicotinamide  was  produced  in  both 
the  control  group  (P<[0.05)  and  the  experimental  group  (P<C0.02)  when 
compared  with  pre-load  values  using  a  paired  t-test.  Comparison  of  the 
control  group  with  the  experimental  group  using  an  unpaired  t-test 
showed  a  significantly  greater  (P<0.05)  mean  production  of  N* -methyl¬ 
nicotinamide  by  the  experimental  group  in  the  days  1-4  composite,  day 
5  and  day  6. 

Subject  8,  although  an  experimental  subject,  produced  values  for 
I\1  * -methylnicotinamide  which  were  similar  to  those  of  the  control  group. 

Rose  et  al.  (19)  also  found  a  statistically  significantly 
greater  mean  excretion  of  l\l*  -methylnicotinamide  in  the  experimental 
group  compared  with  the  control  group  both  before  and  after  a  2-gm 
load  dose  of  L-tryptophan .  Rose  et  al.  however  reported  mean  excretion 
levels  of  32  ^jmoles/24  hours  in  the  control  group  and  60  ^moles/24 
hours  in  the  experimental  group  which  were  lower  than  those  of  the 
present  study.  Following  a  2-gm  load  dose,  Rose  et  al.  reported  a 
greater  excretion  by  the  control  group  (75  ^moles/24  hours)  and  lesser 
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Table  13 


-methylnicotinamide^  excretion  in  the  urine  of  5  women  using 
oral  contraceptives  and  in  5  controls  before  and  after 
taking  an  oral  dose  of  2  gm  of  L-tryptophan 


Subject 

Pre- 

-load 

Post-load 

Days  1-4 

Day  5 

Day  6 

Control  Group  (C) 

1 

46.5 

61.3* 

59.8 

2 

60.5 

49.0 

75.2 

3 

53.6 

52.4 

68.0 

4 

70.7 

53.4 

75.6 

5 

59.6 

61.0 

64.8 

Mean 

58.2 

55.4 

68.7 

SEfYl2 3 

+4.0 

±2.4 

±3.0 

Level  of  Significance  N. 

S^_  (P<0.05,. 

Experimental  Group 

(E) 

6 

130.6 

161.2 

232.9 

7 

66 . 6 

79.1 

123.1 

8 

52.5 

56.9 

79.7 

9 

125.6 

166.4 

283.2 

10 

116.5 

116.1 

135.9 

Mean 

98.4 

115.9 

171.0 

SE1Y12 

±16.2 

±21.7 

±37.6 

Level  of  Significance  (N. 

S.j  fP<0.02) 

Level  of  Significance: 

E  versus  C 

P<  0 . 05 

P<  0.05 

■  P<  0 . 05 

1  Values  expressed 

as  ^moles/24  hours. 

2  Standard  error  of  the  mean. 

3  Not  significant. 

*  Approximately  100  ml  of  day  6  urine  sample  was  placed 
in  day  5  composite. 
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production  by  the  experimental  group  (148  jumoles/24  hours)  than  in  the 
present  study. 

Although  the  experimental  subjects  had  taken  oral  contraceptives 
op  varying  estrogen— progestogen  composition  and  had  been  using  the 
pills  for  varying  lengths  of  time  (Table  4),  these  differences  mere  not 
reflected  in  the  relative  amounts  of  tryptophan  metabolites  excreted. 
Table  14  summarizes  the  urinary  yield  of  the  tryptophan  metabolites 
measured  in  the  present  study  compared  with  the  values  obtained  in 
other  studies  (17-19). 

Several  theories  have  been  proposed  to  explain  the  abnormal 
tryptophan  metabolism  which  exists  in  those  using  oral  contraceptives, 
but  as  yet  no  single  theory  has  entirely  explained  the  problem.  With 
respect  to  the  present  study  the  following  proposals  must  be  considered: 

aa)  An  increased  tryptophan  pyrrolase  activity  (fig.l)  as  a 
direct  result  of  the  use  of  estrogenic  steroids  could  result  in  an 
increased  production  of  tryptophan  metabolites  all  along  the  tryptophan 
to  pyridone  pathway  and,  therefore,  an  increased  requirement  for  vitamin 
B6»  The  increase  of  xanthurenic  acid  and  N * -methylnicotinamide  in  the 
present  study  would  support  this  hypothesis.  This  theory  is  based 
upon  the  hypothesis  proposed  by  Rose  (59)  that  tryptophan  pyrrolase 
activity  is  mediated  by  way  of  the  hypothalamo-pituitary-adrenal  axis. 
The  administration  of  estrogens  stimulates  this  axis  to  produce 
increased  levels  of  plasma  17-hydroxycorticosteroids  (60)  which  in  turn 
cause  the  induction  of  the  enzyme  tryptophan  pyrrolase  (61). 

This  theory,  however,  fails  to  explain  why  pyridone  (fig.l) 
levels  are  not  also  increased  in  those  taking  oral  contraceptives 
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Table  14 

Comparison  of  mean  urinary  yield'*'  of  tryptophan  metabolites 
following  a  2-gm  load  dose  of  L-tryptophan 


XA1 2 

KA3 4 

1  4 

N  (YIN 

Control 

OCA5 

Control 

OCA5 

Control 

OCA5 

Present  study 

42 

430* 

79 

93 

14 

55* 

Price  et  al.  (17) 

22 

686* 

46 

90* 

— 

— 

Aly  et  al.  (18) 

58 

263* 

39 

42 

— 

— 

Rose  et  al.  (19) 

— 

— 

— 

— 

44 

88* 

1  Yield  =  ^post-tryptophan)  -  basal  excretion. 

2  Xanthurenic  acid  excretion  expressed  as  yumoles/24  hours. 

3  Kynurenic  acid  excretion  expressed  as  yjmoles/24  hours. 

4  l\! *  -methylnicotinamide  excretion  expressed  as  ^umoles/24  hours. 

5  Subjects  taking  oral  contraceptive  agents. 

*  Indicates  values  which  differ  significantly  from  the  control 
value  according  to  the  Student's  t-test  at  a  P<C0.05. 
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(17,19)  and  also  why  with  pyridoxine  administration  to  oral  contracep¬ 
tive  users  tryptophan  metabolite  levels  are  decreased  (16,17)  and  not 
increased  as  would  be  expected  if  induction  of  tryptophan  pyrrolase 
has  occurred.  It  also  fails  to  explain  in  the  present  study  why 
kynurenic  acid  levels  were  not  significantly  elevated  in  the  experi¬ 
mental  group. 

bb)  There  could  be  a  complete  or  partial  blockage  in  the  enzyma¬ 
tic  pathway  occurring  after  the  formation  of  3-hydroxykynurenine  because 
kynurenine  transaminase  and  kynureninase  (fig.l)  are  vitamin  Bg  depen¬ 
dent  enzymes  and  in  oral  contraceptive  users  a  relative  shortage  of 
vitamin  Bg  could  occur  due  to  the  increased  need  of  this  group  for 
vitamin  Bg.  Other  workers  have  also  reported  possible  hormonal  inhibi¬ 
tion  of  these  2  enzymes  (62).  The  transaminase  enzymes  have  a  greater 
affinity  for  vitamin  Bg  than  kynureninase  which  results  in  increased 
production  of  xanthurenic  and  kynurenic  acid  (11).  The  formation  of 
kynurenic  acid  is  thought  to  be  more  sensitive  to  vitamin  Bg  depletion 
thus  explaining  why  xanthurenic  acid  accumulates  to  a  greater  extent 
than  kynurenic  acid.  This  occurred  in  the  present  study.  Supplemen¬ 
tation  with  vitamin  Bg  has  been  reported  to  correct  the  abnormally  high 
amounts  of  xanthurenic  and  kynurenic  acid  excreted  in  oral  contraceptive 
users  (16,  17)  thus  giving  validity  to  this  theory. 

This  explanation  fails,  however,  to  explain  the  increased 
production  of  N 1 -methylnicotinamide  by  the  experimental  group  as 
reported  here  and  by  Rose  et  al.  (19).  They  (19)  suggest  that  this 
could  be  a  result  of  a  combination  of  enhanced  tryptophan  pyrrolase 
activity  accompanied  by  N* -methylnicotinamide  oxidase  inhibition  by 
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cc)  A  third  theory  could  be  that  there  is  a  redistribution  of 
v/itamin  B6  within  the  body  tissues  due  to  induced  synthesis  of  other 
pyridoxine— requiring  enzymes  thus  resulting  in  a  v/itamin  B6  deficiency 
with  respect  to  the  tryptophan-niacin  pathway  in  those  taking  oral 
contraceptives .  This  has  been  suggested  by  Brin  (63)  who  noted  estro¬ 
genic  induction  in  the  rat  liver  of  the  vitamin  Bg-dependent  enzyme 
pyruvate  amino-transferase. 

A  combination  of  the  above  hypotheses  may  explain  the  cause  of 
the  abnormal  tryptophan  metabolism  resulting  in  those  taking  oral 
contraceptives.  It  is  possible  that  several  blockages  occur  in  the 
tryptophan-niacin  pathway  each  of  which  could  have  a  different  remedy. 
Most  authors  agree,  however,  that  there  seems  to  be  an  increased  need 
for  vitamin  Bg  in  those  taking  oral  contraceptives.  How  large  this 
requirement  is  and  whether  or  not  large  doses  of  vitamin  Bg  will 
totally  alleviate  the  abnormal  tryptophan  metabolism  in  this  group 
awaits  further  study.  The  need  for  vitamin  Bg  so  far  has  been  based 
only  on  the  correction  of  the  abnormality  of  the  tryptophan-niacin 
pathway.  Perhaps  the  involvement  of  vitamin  Bg  in  other  areas, such  as 
the  formation  of  serotonin  or  as  the  coenzyme  for  glutamic  oxaloacetic 
transaminase  and  glutamic  pyruvate  transaminase,  should  be  considered 
when  establishing  the  requirement  for  vitamin  Bg  in  oral  contraceptive 
users, 
f)  Nitrogen 

A  summary  of  the  data  obtained  in  the  present  study  from  a 
comparison  of  urinary  nitrogen  excretion  in  the  control  and  experimental 
groups  before  and  after  tryptophan  loading  appears  in  Table  15.  No 
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Table  15 


Nitrogen  excretion  in  the  urine  of  5  women  using  oral 
contraceptives  and  5  controls  before  and  after 
taking  an  oral  dose  of  2  gm  L— tryptophan 


Subject 

Pre-load 

Post-load 

Days  1- 

■4  Day  5 

Day  6 

Control 

Group  (C) 

1 

10.4 

11.4* 

10.6 

2 

10.6 

9.9 

10.6 

3 

10.5 

11.2 

11.1 

4 

10.3 

10.7 

10.1 

5 

11.0 

7.2 

9.9 

Mean 

10.6 

10.1 

10.5 

SEM2 

+0.1 

+0.8 

+0.2 

Level 

of 

Significance 

N.S.3 

« - > 

<m-s-3> 

Experimental  Group  (E) 

6 

8.7 

10.7 

11.2 

7 

9.9 

10.1 

8.3 

8 

9.5 

10.0 

11.4 

9 

10.7 

10.9 

11.0 

10 

11.6 

11.9 

11.6 

Mean 

10.1 

10.7 

10.7 

SEM2 

to.5 

to.  3 

to.  6 

Level 

of 

Significance 

Level 

of 

Significance: 

E 

versus  C 

N.S. 

N.S. 

N.S. 

1  Values  expressed  as  gm/24  hours. 

2  Standard  error  of  the  mean. 

3  Not  significant. 

*  Approximately  100  ml  of  day  6  urine  sample  was  placed 
in  day  5  composite. 
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significant  differencas  were  noted  either  when  pre-load  values  were 
compared  with  post— load  values  (paired  t— test)  or  when  the  experimen¬ 
tal  group  was  compared  with  the  control  group  (unpaired  t-test). 

These  results  confirm  that  there  is  no  increase  in  urinary 
nitrogen  loss  in  oral  contraceptive  users.  This  agrees  with  results 
obtained  by  Craft  et  al.  (64)  who  found  no  significant  increase  in 
urinary  amino  acid  or  total  nitrogen  in  those  taking  oral  contracep¬ 
tives.  They  also  reported  a  fall  in  plasma  amino  acids  occurring  early 
in  the  menstrual  cycle  soon  after  starting  the  course  of  oral  contra¬ 
ceptive  tablets  and  persisting  until  after  the  completion  of  the 
monthly  tablet  routine.  Other  workers  (18,  21,  22)  had  also  found 
decreased  plasma  amino  acid  levels  in  subjects  taking  oral  contracep¬ 
tives  . 

There  is  little  evidence  that  estrogens  have  any  marked  effect 
on  free  plasma  and  urinary  acids  in  man  (23)  and  therefore  the  proges- 
togenic  component  is  more  likely  responsible  for  this  effect. 

In  possible  explanation  as  to  the  location  of  the  shift  of 
amino  acids  from  the  plasma  in  those  taking  oral  contraceptives  Lecocq 
et  al.  (65)  described  an  increase  in  lean  body  mass  due  to  protein 
accumulation  in  young  women  maintained  on  an  estrogen  preparation  to 
which  a  progestogen  was  added  (either  5  mg  of  norethynodrel  daily  or 
2  mg  chlormadinone  daily).  They  suggest  that  these  findings  were  due 
to  the  anabolic  effects  of  progesterone  on  peripheral  tissue  and 
probably  resulted  from  increased  tissue  utilization  of  amino  acids. 

This  may  also  help  to  explain  the  tendency  to  gain  weight  experienced 
by  some  women  taking  oral  contraceptives.  Further  studies  are  indicated 
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to  determine  the  extent  of  this  increased  tissue  utilization  of  amino 
acids  in  oral  contraceptive  users. 


•- 


SUMMARY 


1.  The  pre-study  clinical  examination  showed  all  subjects  to  be  in 
good  health.  No  significant  differences  in  hemoglobin  or  serum  gluta¬ 
mic  oxalacetic  transaminase  levels  were  noted  when  the  control  and 
experimental  groups  were  compared.  N o  urinary  glucose  or  albumin  was 
detected  in  any  of  the  participants. 

2.  The  3-day  pre-study  diet  record  showed  no  significant  difference 
in  intake  of  calories,  protein,  or  vitamin  Bg  between  the  control  and 
experimental  group. 

3.  The  average  daily  ad  libitum  caloric  consumption  and  the  resulting 
caloric  intake  per  pound  of  body  weight  for  the  control  group  was  not 
significantly  different  from  the  experimental  group. 

4.  In  all  5  control  subjects  the  upward  shift  in  basal  body  tempera¬ 
ture,  indicating  ovulation,  occurred  on  or  very  near  day  14  of  the 
cycle. 

5.  There  were  slight  variations  in  daily  creatinine  levels  both  within 
the  individual  and  between  individuals,  however,  no  significant  differ¬ 
ence  existed  between  the  control  and  experimental  group. 

6.  The  difference  in  both  hemoglobin  and  hematocrit  levels  as  deter¬ 
mined  on  day  6  of  the  study  was  not  significant  when' the  control  group 
was  compared  with  the  experimental  group. 

7.  The  levels  of  the  urinary  tryptophan  metabolites:  xanthurenic  acid, 
kynurenic  acid  and  l\l'  -methylnicotinamide ,  were  not  significantly 
different  for  either  the  control  group  or  the  experimental  group  when 
the  days  1-4  composite  was  compared  with  the  day  5  sample;  however 
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following  the  2  gm  load  dose  of  L-tryptophan  a  significant  increase 
was  noted  in  both  the  control  and  experimental  groups  for  all  trypto¬ 
phan  metabolites  measured. 

8.  Comparison  of  the  control  group  with  the  experimental  group  showed 
no  significant  difference  in  xanthurenic  acid  excretion  for  the  com¬ 
posite  made  for  days  1-4,  whereas  the  experimental  group  excreted 
significantly  greater  amounts  of  xanthurenic  acid  than  did  the  control 
group  on  day  5  and  day  6. 

9.  Urinary  kynurenic  acid  excretion  was  significantly  increased  in  the 
control  group  compared  with  the  experimental  group  for  the  days  1-4 
composite,  however,  there  was  no  significant  difference  between 
experimental  and  control  groups  for  day  5  or  day  6. 

10.  The  excretion  of  l\l' -methylnicotinamide  in  the  days  1-4  composite 
or  on  day  5  was  not  significantly  different  for  the  experimental  group 
compared  to  the  control  group,  but  a  significantly  greater  excretion 

by  the  experimental  group  when  compared  to  the  control  group  occurred  on 
day  6 . 

11.  No  significant  differences  in  nitrogen  excretion  were  noted  either 
when  pre-tryptophan  load  and  post-tryptophan  load  values  were  compared 
or  when  the  control  group  was  compared  with  the  experimental  group. 
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APPENDICES 


Appendix  I 

Composition  of  the  Diet 
A*  Basal  diet  (Consumed  by  each  subject  daily) 

Carnation  Instant  Breakfast:  4  envelopes  each  weighing  1.33  oz 
(choice  of  vanilla,  chocolate,  chocolate  malt,  chocolate  marshmallow, 
coffee,  eggnog  or  strawberry  flavor) 

Powdered  skim  milk:  80  gm 

Saltine  crackers:  6  crackers  each  weighing  12  gm 
Processed  Canadian  cheese:  2  oz 
Canned  apple  sauce:  8  fl  oz 

The  basal  diet  was  calculated  to  contain  81  gm  protein,  1378  calories 
and  1.3  mg  of  Vitamin  Bg  as  previously  reported  by  Aly  et  al.  (18). 

B .  Ad  libitum  diet 
Butter 

White  granulated  sugar 

Candy  (buttermints  and/or  creams) 

Shortbread  cookies 

Instant  coffee  and/or  instant  tea  (limited  to  1.5  gm  of  coffee 
per  cup  or  0.4  gm  of  tea  per  cup  to  a  maximum  of  4  cups  total  beverage 
intake  per  day) . 
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Appendix  II 

Urine  Compositing  and  Storage 

A.  Following  each  24-hour  collection: 

1.  Composite  the  individual  bottles  in  a  2000  ml  graduated 
cylinder.  Record  the  daily  volume. 

2.  Bring  the  urine  volume  to  the  nearest  100  ml  with  distilled 
water.  Record  volume. 

3.  Set  aside  an  approximate  10  ml  portion  of  urine  in  a  labelled 
4  oz  bottle  for  the  determination  of  creatinine.  Label,  cap,  and 
freeze  at  -20°C. 

4.  Fill  one  16  oz  bottle  l/2  to  2/3  full  with  urine.  Label, 
cap  and  store  at  -20°C. 

B .  Days  1-4: 

Place  25^  of  the  volume  of  urine  excreted  for  each  of  day  1 
through  day  4  in  a  labelled  2  litre  bottle  in  the  refrigerator. 

C .  For  each  of  days  1-4  composite,  day  5  and  day  6: 

1.  Fill  one  16  oz  bottle  l/2  to  2/3  full  with  urine  for  kynurenic 
acid  and  xanthurenic  acid  determinations.  Label,  cap,  and  store  at 
-20°C . 

2.  Fill  approximately  2/3  full  with  urine  two  4  oz  bottles  for 
IM1 -methylnicotinamide  and  nitrogen  determinations.  Label,  cap  and 
store  at  -20°C. 

3.  Acidify  to  pH  1  to  1.5  approximately  30  to  40  ml  of  urine 
using  several  drops  of  6  (\1  HC1.  Test  with  hydrion  paper.  Spin  at 


. 
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15,000  rpm  for  15  minutes  on  the  Sorvall  Superspeed  SS— 3  centrifuge 
to  remove  any  sediment.  If  supernatant  is  cloudy  from  protein  depro— 
teinize  with  30  mg  of  solid  sulf osalicilic  acid  for  each  ml  of  urine 
and  recentrifuge  at  15,000  rpm  for  15  minutes.  Divide  supernatant 
into  two  4  oz  bottles  for  amino  acid  determinations.  Label,  cap  and 
store  at  -20°C. 
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Appendix  III 

lYlicrohematocrit  Determination 

1*  Fill  each  microhematocrit  tube  2/3  full  with  a  representative 
sample  of  whole  blood.  Do  in  duplicate. 

2.  Plug  end,  which  has  not  been  wet  with  blood,  with  a  small 
amount  of  modelling  clay. 

3.  Place  tubes  in  slots  in  head  of  an  International  micro¬ 
capillary  centrifuge  (Model  (Y1B )  .  The  plugged  end  should  be  against 
the  outer  circumference  of  the  head. 

4.  Centrifuge  for  5  minutes. 

5.  Remove  each  tube  and  measure  percent  packed  cells  using  a 
microhematocrit  reader. 

6.  Average  2  readings. 
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Appendix  IV/ 

Fluorometric  Determination  of  Kynurenic  Acid 

and  Xanthurenic  Acid 

Equipment: 

1.  G.  K.  Turner  fluorometer  (Model  111) 

2.  Corning  filters: 


Primary  Filter 
( excitation) 

Secondary  Filter 
( emission) 

Corning 

Number 

Wave¬ 

length 

(mp) 

Corning 

Number 

Wave¬ 

length 

(mjj) 

Kynurenic  Acid 

7-60 

340 

3-75 

435 

Xanthurenic  Acid 

7-51 

370 

3-73 

530 

For  all  readings  a  1%  neutral  density  filter  uas  inserted  with 
the  secondary  filter. 

3.  Ion-exchange  columns: 

The  columns  were  specially  constructed  by  fusing  a  25  cm 
long  pyrex  glass  tube  of  1.2  cm  outside  diameter  to  the  bottom  of  a 
500  ml  round  bottom  flask.  Three  cm  from  the  tip  the  tube  was 
constricted  to  about  one  half  its  diameter,  the  tip  was  cut  at  a  45° 
angle  and  fire-polished  (fig. 5). 
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Figure  5 


500  ml.  round 
bottom  flask 


cm  outside  diameter 


25  cm 


0.6  cm  outside  diameter 
of  constriction 


t 

3  cm 

1 


angle 


Ion-exchange  column  used  for  fluorometric  determination 


of  kynurenic  acid  and  xanthurenic  acid. 
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Reagents: 

1.  Dowex  50  W(H+)  X  12,  200-400  mesh. 

2.  HC1:  0.2N,  0.5N,  IN,  and  5N. 

3.  Buffer:  0.51Y1  KH2PO4  adjusted  to  pH  7.4  with  saturated  NaOH . 

4.  NaOH:  saturated,  alloujed  to  stand  several  days  to  facilitate 
the  sedimentation  of  sodium  carbonate  which  would  otherwise  interfere 
with  readings. 

5.  Quinine  sulfate: 

a)  Stock  solution  containing  15  mg  per  litre  of  0.1N  H2SO4. 

This  is  stable  for  3  months  at  refrigerator  temperatures. 

b)  Working  solution  containing  0.25  ml  of  the  stock  solution 
per  100  ml  of  0.1N  H2SO4  (0.0375  ^gg/ml).  This  is  prepared  fresh  daily. 

6.  Standard  solution  of  kynurenic  acid  (3.22  X  10  IY1):  61  mg 

kynurenic  acid  dissolved  in  100  ml  distilled  water  by  the  addition  of 
2  drops  concentrated  NH4OH. 

_3 

7.  Standard  solution  of  xanthurenic  acid  (3.22  X  10  lYl):  66  mg 
xanthurenic  acid  dissolved  in  100  ml  distilled  water  by  the  addition 
of  concentrated  NH4OH. 

Both  standards  should  be  stored  at  0°C  and  can  be  used  for  1 

month. 

Procedure: 

1.  Wash  resin  and  activate  as  described  by  Price  and  co-workers 

(13). 

2.  Column  preparation  may  be  done  as  much  as  2  days  in  advance  of 
the  actual  operation.  Place  a  small  plug  of  glass  wool  in  the  bottom 
of  the  column  at  the  point  of  constriction.  Pipet  4.7  to  4.8  ml  of 


. 


■ 


■ 


69 


suspended  Dowex  50111  (H+)  resin  into  the  column  to  give  3.0  1  0.1  cm  of 
packed  resin.  UJhen  the  resin  has  settled  wash  with  50  ml  of  5N  HC1 
followed  by  100  ml  of  water.  At  no  time  let  the  water  level  fall  below 
the  upper  surface  of  the  resin.  Cover  the  column  if  not  to  be  used 
immediately . 

3.  Preparation  of  urine  samples: 

Filter  the  urine  using  Whatman  number  40  filter  paper.  The  pH 
of  the  urine  should  be  acidic;  if  not  add  a  few  drops  of  concentrated 

HC1. 

a)  For  the  day  1-4  composite  use  10^  of  the  volume  of  urine. 
Dilute  to  240  ml  with  distilled  water  and  mix  well.  Measure  120  ml  of 
diluted  urine  into  each  of  two  250  ml  erlenmeyer  flasks.  To  one  of  the 
flasks  add  1  ml  of  the  standard  kynurenic  acid  solution,  1  ml  of  the 
standard  xanthurenic  solution  and  30  ml  of  IN  HC1.  This  flask  will  be 
used  to  determine  recoveries.  To  the  other  flask  add  30  ml  of  IN  HC1. 

b)  For  day  5  and  day  6  use  of  the  24  hour  urine  volume 
excreted  each  day.  Dilute  each  sample  to  120  ml  with  distilled  water, 
transfer  each  to  a  separate  250  ml  erlenmeyer  flask,  add  30  ml  of  IN 
HC1  to  each,  and  mix  well. 

In  the  case  of  a  very  concentrated  urine  or  extremely  high 
metabolite  levels  greater  dilution  of  urine  with  distilled  water  will 

be  necessary. 

4.  Operation  of  columns: 

Add  the  contents  of  each  flask  to  a  prepared  column  and  allow 
the  sample  to  pass  through  the  resin.  After  the  sample  has  run  through 
rinse  each  flask  with  50  ml  of  0.2N  HC1  and  pass  through  the  column 
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followed  by  100  ml  of  0.5N  HC1  and  then  by  15  ml  of  distilled  water. 
When  the  water  has  reached  the  upper  surface  of  the  resin  add  396  ml 
of  distilled  water  to  each  column.  Collect  the  eluate  in  500  ml  erlen- 
meyer  flasks  each  containing  4  ml  of  0.5IY1  KH2PO4  buffer,  pH  7.4.  This 
elution  can  be  allowed  to  occur  overnight  if  done  at  refrigerator 
temperatures . 

5.  Fluorometric  procedure: 

a)  Prior  to  the  development  of  fluorescence  prepare  blank  and 
standard  solutions: 

To  three  500  ml  erlenmeyer  flasks  add: 


Constituent 

(ml) 

Flask  1 

(Kynurenic  Acid) 

Flask  2 

(Xanthurenic  Acid) 

Flask  3 
(Blank) 

UJater 

395 

395 

396 

0.5IY1  KH2PO4 

4 

4 

4 

Standard  kynurenic 

acid 

1 

0 

0 

Standard  xanthurenic 

acid 

0 

1 

0 

Total  volume 

400 

400 

400 

b)  At  the  time  of  fluorescence  development: 

(i)  Prepare  a  fresh  working  solution  of  quinine  sulfate, 
(ii)  Prepare  dilute  standards,  samples,  and  blank  in  dupli¬ 
cate.  Depending  on  the  expected  concentration  of  each  of  the  metabo¬ 
lites  in  the  urine  vary  the  amount  of  sample  used. 

For  kynurenic  acid:  Add  reagents  to  25  X  200  mm  pyrex  test 


tubes . 


. 


k 


Constituent 

(ml) 

Standard 

Blank 

Sample 

1) 

Add  Eluate  (from  column) 

— 

— 

1-5 

Blank  (from  Flask  3) 

5 

6 

to  6 

Dilute  kynurenic  acid 
(from  Flask  l) 

1 

— 

— 

2) 

Immerse  in  ice 

3) 

Slowly  add 

Cone.  H2SQ4 

4 

4 

4 

4). 

Mix  by  gentle  swirling 

Total  volume 

10 

10 

10 

For  xanthurenic  acid:  Add 

reagents  to 

15  ml  cen 

trifuge  tube 

Constituent 

(ml) 

Standard 

Blank 

Sample 

1) 

Add  Eluate  (from  column) 

— 

— 

1-5 

Blank  (from  Flask  3) 

4 

5 

to  5 

Dilute  xanthurenic  acid 
(from  Flask  2) 

1 

— 

— 

Saturated  IMaOH 

5 

5 

5 

2) 

Stir  with  glass  rod  to  mix  well 

2) 

Centrifuge  for  10  minutes  at  2000 

r.p.m.  (Sorvall  SS-3 

Super-speed 

centrifuge) . 

Total  volume 

10 

10 

10 

6.  Reading  of  fluorescence: 

Transfer  the  contents  of  the  tubes  to  matched  fluorometer 
cuvettes  for  reading.  Read  the  fluorescence  in  the  fluorometer  with 


the  range  selector  positioned  at  1QX. 


' 
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a)  For  kynurenic  acid:  Set  the  fluorometer  at  20  with  quinine 
sulfate  solution.  Read  blanks,  standards,  and  samples  and  record. 

Reset  the  fluorometer  after  every  4  to  6  tubes  with  quinine  sulfate 
because  it  is  much  more  stable  to  irradiation  than  is  kynurenic  acid. 

b)  For  xanthurenic  acid:  Set  the  fluorometer  at  25  with  quinine 
sulfate  solution.  Read  and  record  blanks,  standards,  and  samples  as  for 
kynurenic  acid. 

7.  Calculations: 

\  ,  0/  ,  ,  (sample  readinq  -  blank) 

a)  ^imoles  metabolite  in  24  hour  sample  =  - - - - - - - 

(standard  reading  -  blank) 


3.22  24  hour  urine  volume  (ml) 

eluate  used  urine  volume  (ml)  before 

(ml)  dilution  to  put  on  column 


b)  %  recovery 


(recovery  reading  -  blank)  ^  3.22 

(standard  reading  -  blank)  recovery  eluate 

used  (ml) 


(sample  reading  -  blank) 
(standard  reading  -  blank) 


3.22  x  100 

sample  eluate  3.22 
used  (ml) 


c)  /jmoles  metabolite  in  24  hour  sample  when  100^  recovery  = 


/jmoles  metabolite  in  24  hour  sample  X 


100 


%  recovery 


. 
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Appendix  \1 

Fluorometric  Determination  of  N*  -Methylnicotinamide  in  Urine 

Equipment : 

1.  G.  K.  Turner  fluorometer  (lYlodel  111) 

2.  Corning  filters: 

a)  Primary  -  Corning  number  7-60 

b)  Secondary  -  Corning  number  3-73,  Corning  number  4-70,  and 
a  1 $  neutral  density  filter. 

Reagents: 

1.  Methyl  ethyl  ketone  -  Merck  reagent  grade  or  equivalent. 

2.  NaOH  -  40$ 

3.  KH2PO4  -  ACS  reagent  grade 

4.  HC1  -  5I\1 

5.  Quinine  sulfate 

a)  Stock  solution:  Make  a  solution  containing  0.06  mg  of 
quinine  sulfate/ml  of  O.IIM  H2SO4.  Store  in  a  brown  bottle  in  the 
refrigerator  and  discard  if  the  solution  becomes  turbid. 

b)  Working  solution:  Add  1  ml  of  the  stock  solution  to  99  ml 
of  0 . IN  H2SO4.  Prepare  fresh  daily. 

6.  Standard  solution  of  N1 -methylnicotinamide 

a)  Stock  solution:  Dissolve  62.7  mg  of  N 1 -methylnicotinamide 
chloride  in  100  ml  of  0.3$  KH2PO4.  This  solution  contains  0.5  mg  of 
I\!  *  -methylnicotinamide/ml .  Store  in  the  refrigerator. 
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b)  Working  solution:  Dilute  1.0  ml  of  stock  standard  to  500  ml 
with  distilled  water.  This  solution  contains  1.0  ;jg  of  iV-methyl- 
nicotinamide/ml .  Prepare  fresh  daily. 

7.  Urea  -  35^  (dissolved  in  distilled  water).  Prepare  fresh  daily. 
Keep  refrigerated  until  use. 

Procedure  for  the  development  of  fluorescence: 

1.  Dilute  urine  samples  so  that  the  resulting  fluorescence  values 
(after  blank  correction)  range  from  8  to  22. 

2.  To  three  25  X  200  mm  pyrex  test  tubes: 

Samples  (duplicate)  Blank 

Add: 


diluted  urine  sample 

1 

ml 

1 

ml 

distilled  H20 

14 

ml 

14 

ml 

cold  urea 

5 

ml 

5 

ml 

Mix  on  a  Vortex  mixer. 

Add  (using  a  Corning  pipettor): 

methyl  ethyl  ketone  10  ml 

Mix  well  on  a  Vortex  mixer. 

At  0  time  add  (using  a  Corning  pipettor): 

40/o  l\la0H  2  ml  2  ml 

Immediately  mix  well  on  a  Vortex  mixer. 

Let  stand  for  10  minutes. 

Mix  well  on  a  Vortex  mixer. 

Add  (using  a  Corning  pipettor): 

51\|  HC1  4.5  ml  4.5  ml 

Immediately  mix  well  on  a  Vortex  mixer. 


. 


- 

. 
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Samples  (duplicate)  Blank 

Add  (using  an  automatic  syringe): 

methyl  ethyl  ketone  -  10  mi 

Mix  well  on  a  Vortex  mixer. 

Let  stand  for  2D  minutes.  Add: 


kh2po4 


1  gm 


1  gm 


(Ylix  on  Vortex  mixer. 

Place  in  water  bath  at  85°C  for  4  minutes.  (Do  not  shake  tubes 
after  insertion  in  bath  as  loss  of  reaction  product  may  occur.)  Place 
in  ice  bath  until  reaction  mixture  has  cooled  to  23  t.  D.5°C. 

Using  a  Pasteur  pipet  fill  approximately  2/3  full  matched  12  X  75 
mm  cuvettes  with  an  aliquot  of  the  lower  layer. 

Reading  of  Fluorescence: 

1.  Harm  up  fluorometer  for  at  least  15  minutes. 

2.  Use  the  appropriate  filters.  Position  the  range  selector  at  IX. 

3.  Set  fluorometer  at  approximately  55  with  quinine  sulfate. 

4.  UJhen  the  samples  have  been  removed  from  the  water  bath  for 
approximately  20  minutes,  so  that  they  are  all  at  the  same  temperature, 
read  the  fluorescence  of  each  cuvette.  Check  instrument  with  quinine 
sulfate  after  every  2  or  3  readings. 

Calculations:  ,  „  , 

-  sample  reading  -  blank  reading 

mg  N 1 -methylnicotinamide/24  hours  = 

standard  reading  -r  concentration  of 

standard  (pg/tube) 


urine  volume  (ml.) 
X  urine  dilution  factor  X  - 


1000 


•  gvfj ijg)  b$A  B 


- 


. 
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Appendix  VI 

fYlacro-K.jeldahl  Determination  of  Urinary  Nitrogen  (39) 

Equipment : 

Digestion  apparatus 
Distillation  apparatus 
80D  ml  Kjeldahl  flasks 
500  ml  erlenmeyer  flasks 

1500  ml  burette  attached  to  the  standard  acid 
1500  ml  burette  attached  to  the  standard  base 
Reagents: 

1.  C.P.  H2SO4 

2.  Kel-Pak  (9.9  gm  K2SO4,  0.41  gm  HgO,  and  0.08  gm  CUSO4) 

3.  NaOH  -  40^.  To  40  liters  of  mater  add  340  gm  of  K2S.  With 
constant  stirring  slowly  add  20  kg  of  commercial  caustic  flake. 

4.  Standard  H2SO4  -  approximately  0.1N.  Accurately  titrate  with 
Na2C03  (4  decimal  places) . 

5.  Boric  acid  (4$)  solution  with  mixed  indicator.  Add  0.02  gm 
methyl  red  and  0.10  gm  bromcresol  green  in  100  ml  of  95^  ethanol  to  20 
litres  of  4/£  boric  acid. 

•6.  Granulated  zinc. 

Procedure: 

1.  Place  duplicate  2  ml  urine  samples  in  separate  800  ml  Kjeldahl 
flasks.  For  each  run  place  duplicate  2  ml  samples  of  distilled  water 
in  flasks  to  be  used  as  reagent  blanks. 


■ 
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2.  Add  1  Kel-Pak  to  each  Kjeldahl  flask. 

3.  Add  30  ml  of  concentrated  H2SO4  from  a  burette.  Rotate  the 
flask  as  the  acid  is  added  to  ujash  any  adhering  material  from  the  neck 
of  the  flask. 

4.  Place  on  digestion  rack  and  digest  for  35  minutes  after  the 
solution  becomes  clear  green.  Rotate  the  digestion  flask  occasionally 
during  digestion  until  all  the  black  specks  disappear. 

5.  Cool  on  a  rack  in  a  closed  fume  cupboard. 

6.  HJhile  the  digestion  flasks  are  cooling,  prepare  distillate 
collection  flasks  by  running  50  ml  of  the  boric  acid  solution  into 
corresponding  500  ml  erlenmeyer  flasks.  Place  each  flask  under  a 
condenser  tube,  taking  care  that  the  tip  of  the  condenser  extends 
beneath  the  surface  of  the  acid.  Turn  on  condenser  water . 

7.  Switch  on  the  distillation  hot  plates  so  that  they  will  be  hot 
when  the  Kjeldahl  flasks  are  connected. 

8.  To  the  cooled  contents  of  the  Kjeldahl  flasks  add  a  few  grains 
of  zinc  followed  by  275  ml  of  cold  tap  water.  Then,  holding  the  flask 
at  a  60  degree  angle  and  pointed  away  from  the  body  swirl  the  contents 
and  carefully  run  110  ml  of  40^  NaOH  solution  from  a  burette  down  the 
side  of  the  neck  so  as  to  form  two  layers  in  the  flask. 

9.  Immediately  connect  the  flask  to  the  condenser  by  inserting  the 
rubber  stopper  on  the  connecting  bulb  into  the  neck  of  the  flask.  fTlix 
the  contents  by  shaking  and  distill  until  all  the  ammonia  has  passed 
over  into  the  boric  acid.  The  first  125  to  150  ml  of  distillate  will 
generally  contain  all  the  ammonia. 


' 


' 


. 
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10.  UJhen  the  distillation  is  practically  completed,  lower  the 
receiving  flask,  turn  off  the  heat  and  allow  about  5  ml  more  to  distill 
over  in  order  to  wash  the  condenser  tip. 

11.  Under  controlled  lighting  conditions  titrate  the  contents  of 
the  erlenmeyer  flasks  with  standard  acid,  approximately  0.1l\l,  to  a  grey 
end  point. 

Calculations: 

gm  nitrogen/24  hours  =  normality  of  standard  acid  X  14  ^ 

sample  size  (ml) 

[^titration  volume  (ml)  sample  -  blank]]  X  24-hour  urine  volume  (ml) 


1000 


<! 


. 

